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Abstract
The adoption of Artificial Intelligence in educational fields has developed a great potential

and problem related to the academic progress, critical thinking, mental abilities, and final

student results. The increased application of generative AI, intelligent tutoring machines,

adaptive learning systems, predictive analytics, and AI-assisted learning tools have altered

the traditional learning environment, although issues have been raised about over-reliance on

technology, lower-level thinking, algorithm biases and academic dishonesty.Artificial

Intelligence (AI) is increasingly transforming the educational landscape by enhancing

students’ academic development through innovative and adaptive learning approaches. AI

tools such as intelligent tutoring systems, adaptive learning platforms, and automated

assessment mechanisms enable personalized learning by catering to individual student needs,

strengths, and learning pace. As a result, students experience improved understanding of

concepts, higher retention rates, and greater motivation toward academic activities. However,

the integration of AI in education also presents several challenges, including overdependence

on technology, concerns related to data privacy and security, and the potential decline in

critical thinking and problem-solving skills. Additionally, unequal access to AI-based

resources may widen the digital divide among students. The study highlights the need for a

balanced and ethical approach to AI implementation in education. By combining

technological advancements with effective pedagogical practices, AI can significantly

enhance academic outcomes while ensuring equitable, responsible, and student-centered

learning experiences.
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1. Introduction
 Artificial Intelligence (AI) has become one of the most influential technological

advancements of the 21st century, significantly transforming various sectors,

including education. In recent years, AI has been integrated into academic systems to

enhance teaching and learning processes. It refers to the simulation of human

intelligence in machines that are programmed to think, analyze, and make decisions.

In education, AI-powered tools such as intelligent tutoring systems, chatbots,

automated grading systems, and adaptive learning platforms are revolutionizing how

students acquire knowledge. .

In traditional education, students are encouraged to take an active role in their

learning process by developing skills in exploration, analysis, and problem solving.

Critical thinking skills are essential for shaping students’ overall learning experiences.

Educators often rely on questioning techniques, collaborative activities, and

assignments to enhance students’ ability to evaluate information and develop

independent perspectives. However, the rapid information processing and insightful

responses provided by AI challenge traditional learning methods, raising questions

about the distinctions between human learning and machine-based learning. For

example, while AI can efficiently process and analyze data, it may lack the nuanced

understanding and creativity inherent in human cognition. This underscores the need

for a balanced approach to AI integration, ensuring that it complements rather than

replaces human interaction and the development of critical thinking skills.

 The use of AI in education is not without its challenges. The effective integration of

artificial intelligence in education requires a thorough understanding of both the

technology and the learning process. This complexity is further heightened by ethical

concerns, especially in the context of the increasing use of generative artificial

intelligence. For instance, Qadir (2023) highlights the risk of students misusing AI

tools in dishonest or unauthorized ways, such as using AI-generated content to

complete assignments without proper attribution. Additionally, concerns about the

application of AI in surveillance, control, and assessment practices could undermine

trust and autonomy in educational settings (Williamson, 2017). Higher education

institutions must clearly define the role and extent of AI in student education to

address these challenges effectively (Holmes & Tuomi, 2022).

 As data processing and computing technologies have evolved, artificial intelligence

(AI) has been increasingly applied in the educational field, often referred to as
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Artificial Intelligence in Education (AIED). Applications such as intelligent tutoring

systems, educational robots, learning analytics dashboards, adaptive learning

platforms, and human– computer interactions have demonstrated significant potential

for enhancing teaching and learning. For example, intelligent tutoring systems have

been shown to provide personalized feedback and support, improving student

engagement and learning outcomes (Luckin et al., 2016). Similarly, adaptive learning

platforms leverage AI to tailor educational content to individual learners’ needs,

promoting more effective and efficient learning experiences.

 A key challenge is ensuring AI complements, rather than replaces, human interaction.

While AI automates tasks and provides data-driven insights, it lacks the empathy,

creativity, and nuanced understanding of human educators (Holmes & Tuomi, 2022).

Over-reliance on AI for assessment and feedback may reduce opportunities for

meaningful dialogue and reflection, essential for higher-order thinking. Ethical

concerns, such as data privacy, algorithmic bias, and the digital divide, must also be

addressed to ensure equitable and inclusive learning environments.

 AI holds immense potential to transform education through personalized learning and

adaptive systems. However, its integration requires caution. A deeper understanding

of AI’ s interplay with educational theories, alongside addressing ethical and

pedagogical challenges, is essential. A balanced, human-centered approach

prioritizing equitable access can ensure AI empowers rather than excludes.

1.2 Adaptive Learning Systems and Personalized Learning Pathways

One of the most effective AI methods that influence performance of students is adaptive

learning since instructional content can be adjusted to the speed, strengths and weaknesses of

each learner. Adaptive learning systems are based on predicative analytics, educational data

mining, machine learning algorithms, and learner analytics in order to tailor educational paths

[1,11-14]. Adaptive learning platforms offer differentiation instruction and interventions in

real time to struggling learners compared to the traditional teaching method which tends to

teach all students using standardized curriculum. It has been reported that this personalized

learning capability has resulted in increased student engagement, better learning, and

enhanced academic performance. The self-regulated learning is also favored through adaptive

learning which promotes student progress through continuous feedback. Recently, it can be

observed that adaptive learning platforms are starting to incorporate generative AI, large

language models, and multimodal analytics to enable more rich learning experiences. Such
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smart classroom instruction where personalized instruction cannot be easily met by solely the

use of traditional classroom instruction. In spite of this, the efficacy of adaptive learning is

contingent upon the quality of data within the learner, the openness of suggestions engines,

and the capacity of instructors to exercise wise control over AI-created revelations.

1.3 Machine Learning Algorithms in Educational Decision-Making

Machine learning in learning has emerged as a core AI tool to study student behavior,

academic achievement and instructional methods to maximize learning potentials. Supervised

learning, unsupervised learning, clustering algorithms, decision trees, support vector

machines, and neural networks are becoming popular in the educational institution in

defining the at-risk students, predict future dropout rates and support specific intervention.

Machine learning algorithms can bring a more accurate assessment of the way education is

delivered, as opposed to more conventional teaching approaches, which tend to rely on

teacher intuition and manual evaluation. The technologies can assist teachers to learn the

trends in student engagement, attendance, participation, and academic performance, thus

providing an opportunity to intervene sooner and create more efficient systems of support.

The latest solutions in deep learning and predictive analytics complexities have enhanced

greater applications of machine learning in intelligent classrooms and virtual learning

platforms. Nevertheless, due to the increased utilization of algorithmic infrastructure, there is

a worry regarding explainable AI, bias in algorithms, fairness, and transparency, specifically

when the automated predictions inform the process of student evaluation and educational

access.

1.4 Generative AI and Large Language Models in Education

Generative AI and large language models have become the most disruptive AI techniques in

contemporary education. ChatGPT in education and AI writing assistants, automated

summarization systems and conversational learning systems are a few of the technologies that

have revolutionized the way students engage with information, do their assignments and get

academic support [13,15-17]. In contrast to the conventional approach to teaching, whereby

students are only dependent on texts, lectures, and the explanation of teachers, the generative

AI provides immediate answers, individual explanations, and his/her dialogue. Languages

Big models of language can be used responsibly to assist critical thinking, creativity,
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knowledge retention and self-regulated learning. These tools are often used by students to

brainstorm, explain hard ideas, edit assignments, and get formative assessment. Meanwhile,

there is still a feeling of concern with academic integrity, superficial learning, overuse of AI-

generated content, and decreased independent reasoning. There is recent evidence that

indicates that students that use generative AI as a collaborative resource are more likely to

have a better learning experience than those who use it primarily as a way of outsourcing

cognitive processing. Such a distinction is significant as the long-term effects of the use of

large language models on the performance of students not solely on the technology itself but

also on the pedagogical choices that direct its application.

1.5 Educational Data Mining and Learning Analytics

Learning analytics and educational data mining are becoming the type of AI integration that

is instrumental in AI-assisted teaching as it allows an instructor to track student progress, spot

learning needs, and tailor interventions. Such methods gather and examine big amounts of

data regarding learners (test achievement, attendance, time spent on tasks, points of

engagement, and internet use). Conventional methods of teaching usually consist of

examinations and observation of the teacher that are not frequent and this might not help in

the detection of uncovers patterns in student behavior. Conversely, educational data mining

provides an ongoing and evidence-based method of insight into the learning activities. The

current trends in learning analytics of various forms enable organizations not only to

determine the levels of academic achievement but also the levels of emotional intelligence,

critical thinking, creativity, and interpersonal communication. The educational data mining is

particularly helpful in the context of online learning and blended learning where the digital

systems generate extensive data on the learner. Nevertheless, such systems also present

privacy, surveillance, International Journal of Applied Resilience and Sustainability, Volume

2, Issue 2, April 2026, pp. 1097-1129 1102 informed consent, and ethical governance

concerns, especially the sensitive student information is utilized to predict and make choices.

1.6 Natural Language Processing and Educational Chatbots

One more noteworthy AI method that had a major impact on the innovation in education is

natural language processing (NLP). NLP can be used to help educational chatbots, automated

feedback systems, language learning programs and conversational tutoring agents understand

and create human language. In contrast to the conventional mode of teaching with the direct

participation of the teacher in providing answers to questions and explaining the
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misunderstanding, educational chatbots offer instant and scalable assistance to learners. The

NLP-based systems are specifically functional in language learning, support in writing and

teaching programming, where instant feedback and conversational coaching are valuable to

students. The latest innovations in the field of large language models have contributed to the

broader capabilities of chatbots in education to explain contextually, give personalized and

emotionally supportive answers. Nevertheless, hallucinations, factual errors, cultural bias,

and irregular pedagogical quality continue to plague the NLP systems. Thus, educational

chatbots based on NLP will undoubtedly enhance students’ engagement and accessibility, but

they do not have to replace human teachers.

1.7 Knowledge Tracing and Student Modeling

Knowledge tracing and student modelling are advanced AI methods, targeting

comprehension of student knowledge, learning, and knowledge gaps. Deep knowledge

tracing, Bayesian Knowledge Tracing, reinforcement learning and cognitive diagnostic

models are more frequently applied in intelligent tutoring systems and adaptive learning

platforms to assess mastery by the learner. Conventional instructional practices tend to assess

students on a regular basis and using periodic examinations and classroom responses which

tell a little about cognitive development. On the contrary, knowledge tracing models

constantly measure the progress of the students and anticipate the further learning

requirements. These systems provide a more precise personalization, prompt intervention,

and instructional assistance. Up-to-date studies indicate that big multimodal algorithms and

deep learning methods are enhancing the knowledge tracing accuracy incorporating the text,

image, speech, and behavior information. This development is especially applicable to

individualized learning, self-managed learning, and development in cognitive abilities.

Nevertheless, the efficiency of such systems is strongly reliant on the quality of learning data

and interpretability of AI-offered profile of learners.

1.8 Automated Assessment and Formative Feedback

Assessment automation and automatic evaluation have become key AI solutions that increase

the efficiency of grading, feedback, and student evaluation. Assessment systems thereof that

are driven by AI can grade essays, quizzes, and short-answer answers after one or two

minutes, effectiveness that cannot be achieved with the traditional manual tools. The tools

apply algorithms of natural language processing, machine learning, and deep learning to

assess student achievements and provide individualized feedback. The automated assessment
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has a lower workload on the teacher and a faster formative assessment to the students

compared to the traditional methods of teaching. Timely feedback has the potential to

promote student engagement and knowledge retention and encourage revision-based learning.

Nevertheless, there are matters of justice, elicitability of AI, and the capacity of automated

frameworks to assess imagination, analytical aptitude, and emotional undertones. Through

the prism of contextual judgments and the human factor of empathy, traditional teachers tend

to introduce contextual judgment and empathy into assessment, which could be overly

restricted by standard ranges and quantifiable cues on the behalf of AI systems. Consequently,

it is probable that the future of automated assessment will take the form of mixed-hybrid

frameworks, as AI will be assigned with performing everyday evaluation processes but the

task of more difficult judgment and whole-student development will be left to educators.

1.9 Recommender Systems and Content Personalization

Recommender systems have become a more essential part of AI-assisted learning since they

assist students in finding the useful learning material, courses, exercises, and additional

teaching resources. Such systems rely on the collaborative, content-based, predictive

analytics, and machine learning algorithms that accommodate the student preferences and

performance levels to match the educational content [18-20]. Conventional teaching systems

typically supply similar resources to all the learners, whether they need it or not, and

regardless of their interests. Contrary to that, recommender systems are known to encourage

student-centered learning wherein differentiated and personalized materials according to the

level of knowledge, motivation and learning style of a student are suggested. These systems

are notably effective in virtual learning environments, online learning environments and

lifelong learning ecosystems. Things have recently changed in the field of recommender

systems, with International Journal of Applied Resilience and Sustainability, Volume 2, Issue

2, April 2026, pp. 1097-1129 1104 the system of increasing popularity integrating behavioral

analytics and signs of emotional intelligence, as well as contextual information, to enhance

accuracy and engagement. Nonetheless, some are now fearing that over-personalization will

develop into echo chambers, reduce exposure to varying views, and create solidifies existing

disparities in student achievement.

1.10 Robotics and Social Robots in Education

Education and social robots are new AI applications that find more and more applications in

enhancing student engagement, communication, and collaborative learning. The systems of
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robot tutoring are different as they offer embodied interaction, facial expression, voice

computing, and presence as opposed to the traditional teaching systems. The systems

particularly are useful among young learners, special education learners, and language

learners who respond well in interactive and emotionally charged settings. It is possible to

enhance the motivation and emotional intelligence of learners and their participation in the

classroom through making educational experiences more engaging with the help of social

robots. In recent works, there is an emphasis on the increasing commercialization of robotics

as a part of natural language processing, computer vision, and affective computing to enable

the realization of a more adaptive and human-like social robot. However, the application of

robots within the education field also presents issues of cost, availability, privacy and

possible loss of human interaction. The social emotional aspect of human teachers may not be

replaced by robotics, whereas it will be able to supplement the usual teaching practices

1.11 Computer Vision and Multimodal Learning Analytics

The use of computer vision in education is also acquiring importance where the educational

institutions aim to interpret facial expressions, gestures, attention patterns, and classroom

interactions. Together with multimodal learning analytics, computer vision can offer

information regarding the engagement of students, their cognitive load, and their emotional

states. Conventional means of teaching frequently rely on the observation by teachers to

evaluate their attentiveness and engagement, yet computer vision networks have the potential

to analyze such cues in batch and real-time. These systems find application in intelligent

smart classes, online classes and virtual proctoring systems. Recently, advances in technology

have demonstrated that multimodal learning analytics are capable of incorporating

information in text, speech, video, eye tracking, and physiological sensors to provide a more

detailed insight into learning among students. Nevertheless, these technologies also give

serious concerns about surveillance, privacy, consent as well as the ethical governance.

Schools need to strikingly reconcile, then, between the advantages of multimodal analytics

and the effectiveness with safeguarding the rights and trust of students.

1.12 Explainable AI and Ethical AI Techniques Explainable

AI is becoming a critical point of interest due to the multitude of education AI systems being

run as black boxes which do not give reasons behind their predictions. Conventional modes

of teaching tend to be more explainable since a teacher has the opportunity to give reasons as

to why he or she decides to make particular instructional or assessment choices. On the
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contrary, complex machine learning and deep learning systems can produce suggestions that

are not easy to comprehend by students and educators. Explainable AI aims to make

educational algorithms more transparent and interpretable and more likely to be trusted. This

is especially essential when predictive analytics, automated grading and student classification

based on their risk are being developed and used, since opaque algorithms can be a source of

algorithmic bias and unfair education. Recent work on explainable AI indicates that explicit

learner models, bias identification and detection, ethical regulation, and human supervision

are necessary. The ultimate effectiveness of the AI-assisted instruction will not solely hinge

on the accurate technicality but on whether they trust the systems under use by students,

teachers and institutions.

2. Artificial intelligence technologies

2.1 Generative AI Technologies and Large Language Models.

Generative AI technologies and large language models have become the most influential

innovations in Artificial Intelligence in Education. Education ChatGPT systems, as well as

other conversational AI technologies like Gemini, Claude, DeepSeek, and others, are

changing the way students seek and process information, idea generation and personalized

explanations, as well as establish solutions to academic assignments. Compared to

conventional pedagogical approaches, in which textbooks, lectures, and communicating with

a teacher have a significant effect on the transfer of knowledge, generative AI technologies

allow receiving direct support in real-time without the need to go to libraries or lecture halls,

which can be tailored to learning styles and needs. The technologies are applied more

frequently to drafting an essay, explaining a concept, automated summarizing, brainstorming,

learning a language, and one-to-one tutoring. According to recent evidence, generative AI has

now penetrated the mainstream of student learning and is finding more and more use in

higher education, online education and blended learning systems. Meanwhile, scholars stress

that these technologies should be applied in a sensible way since overreliance on AI-created

answers can lead to a lack of critical thinking, originality, and ability to think independently.

2.2 Intelligent Tutoring Systems and Personalized Tutoring Technologies

The Intelligent Tutoring System (ITS) has been one of the most popular AI applications in

education systems since it supports one-to-one tutoring (simulation) and updates students

with feedback (feedback is personalized). Such systems are based on machine learning

applications in teaching, tracking knowledge, student modeling, and natural language
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processing to modify the learning content as per the learning progress of the individual

students [31,33-35]. ITS technologies are associated with the provision of continuous support

and adapting instruction in comparison with the situation in traditional teaching approaches

wherein a teacher might have limited time to offer individual attention. Recent trends indicate

that intelligent tutoring systems are starting to be based on bigger language models and

International Journal of Applied Resilience and Sustainability, Volume 2, Issue 2, April 2026,

pp. 1097-1129 1110 chatbots in order to develop more natural tutoring experiences. These

technologies are particularly useful in STEM learning, mathematics, language acquisition,

and higher learning, where students tend to need a specific instructional support on the

complicated topics. According to the researchers, ITS can enhance academic performance,

knowledge retention and student engagement, but their efficacy depends on the interaction

between them and teacher instructions and in-class pedagogy.

2.3 Adaptive Learning Technologies and Personalized Learning Platforms

The idea of adaptive learning technologies is at the heart of AI-based instruction since it

enables an educational system to adjust the content difficulty, pacing and feedback in

response to the performance of the learner. Personalized learning platforms make use of

predictive analytics, education data mining, learner analytics, and recommender systems to

deliver personal educational pathways. As opposed to the conventional way of teaching

where most of the time all the students will be taught using the same curriculum as well as at

the same pace, adaptive learning technological systems understand that students learn at a

different speed, strengths as well as weaknesses. In virtual learning environments, online

courses and smart in-classroom, the technologies are being utilized in increasing ways to

promote self-regulated learning and academic performance. The recent findings are that

adaptive learning systems can enhance student engagement, knowledge retention and

learning outcomes through more responsive learning experiences. Researchers also point at

the increased role of clear adaptive learning systems that unite explainable AI with

personalized content delivery to enhance usability and trust.

2.4 Educational Chatbots and Conversational

AI Technologies Educational chatbots are becoming relevant AI technologies due to their

ability to offer students 24/7 support, immediate response, and feedback. Educational

chatbots are powered by natural language processors, large language models, and speech

recognition to answer questions, clarify complex points, give students instructions on tasks,
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and help learners learn a language. Educational chatbots are also more flexible due to their

ability to get assistance any time, unlike the traditional methods of teaching, where the

student has to wait until the teacher is available. Online learning, higher education and

student service are increasingly adopting and deploying these technologies in an attempt to

enhance engagement and accessibility. Conversational AI tutors are increasingly fine-tuned

by recent tendencies that introduce emotional AI, multimodal analytics, and context-based

learning support. Nevertheless, there are some concerns of inaccurate facts, hallucinations,

and excessive dependence on AI-generated responses. Consequently, most educators believe

that teacher interlocutors should not be substituted with chatbots but supplemented by them.

2.5 Learning Analytics and Educational Data Mining Technologies

Analytics in learning and educational data mining technologies have gained more relevance

since they enable institutions to understand learner behavior, anticipate academic

performance and customize instruction to each learner [36-38]. These technologies compile

and analyze substantive data on students, such as attendance, assessment results, on-line

activity, involvement and behavioral patterns. Educational approaches that have been applied

traditionally have been characterized by periodic tests and teacher observation, but the

learning analytics technologies offer immediate and evidence-based information on student

performance. Predictive analytics can be used to detect high-risk students, prescribe

interventions, and enhance retention. Recent studies point at the fact that the technology of

learner analytics is rapidly advancing with multimodal learning analytics, real-time

dashboards, and decision support systems enhanced with AI. These innovations are especially

relevant in the context of a large educational facility where personalized teacher surveillance

cannot be easily established.

2.6 Automated Assessment and AI-Based Grading Technologies

The technology of automated assessment is reshaping the way education is evaluated

because it allows scoring faster, more consistently, and providing formative assessment in

real-time. They work with machine learning, deep learning, and natural language processing

in the process of scoring essays, quizzes, coding assignments, and short-answer answers. In

comparison to the conventional pedagogical methods, where evaluating students is time-

consuming, and more likely to be delayed, AI-based assessment technologies can be used to

deliver results in real-time, thus from that real-time assessments may enhance student

engagement and learning outcomes. Recently, the adaptive assessment systems have been
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rapidly gaining popularity across the AI in education market. Grading technologies with AI

are also aimed at decreasing the workload of the teachers and they can spend additional time

on mentorship, classroom engagement, and thinking processes. Nevertheless, there are

worries about leveling the playing field, explicability, and whether the AI systems are

capable of performing with correct assessments of creativity, emotional subtlety, and high-

order thinking.

2.7 Artificial intelligence models

Transformer Models and Large Language Models in Education Transformer models and

large language models are the two prevalent types of AI models in modern education due to

their sophisticated reasoning, text generation, text summarization, tutoring and conversational

interaction skills. GPT-like models, multimodal large language models, and other transformer

training models are beginning to be incorporated into intelligent tutoring systems and

educational chatbots, as well as into systems that provide individualized learning [45-46].

Transformer models may give instant explanations, create quizzes, prescribe study materials

and answer student inquiries in real time as opposed to conventional modes of teaching. They

are particularly effective in online learning, blended learning settings, and higher learning

institutions where learners get used to a highly responsive academic support. Recent

advances reveal that transformer-based systems gradually are becoming built in to learning

management systems, virtual learning environments and smart classrooms to aid formative

assessment, student engagement, and self-regulated learning. The popularity of large

language models is also indicative of the larger trend of AI-assisted instruction and

educational revolution. Nevertheless, teachers are also worried about hallucinations,

academic honesty, and that students can become overdependent on AI-generated content

instead of being able to think independently.

2.8 GPT-Based Models and Generative AI Models

One of the most conspicuous examples of generative AI in education is GPT-based models

capable of composing essays, summarizing information, writing code, lesson plans, quizzes,

custom-crafted excuses, etc. The models are extensively applied in ChatGPT across

education, educational content generation, and writing assistance. GPT-based models can

better academic performance and learning results because they offer students immediate

feedback and personalized explanations in comparison to traditional approaches to teaching.

Generative AI is used by many students during brainstorming, editing, and revising of
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assignments, with educators more and more utilizing these models to create instructional

resources and carry out automatable tasks. Meanwhile, the educational value of GPT-based

models is very dependent on their utilization. Students learning about AI and its application

as a means of training critical thinking and knowledge retention will be able to learn better,

but students who look up on AI in order to meet the deadline will experience less creativity

and lower cognitive growth. In academic circles, recent research also indicates concerns that

are rising both in regard to trust, transparency and overdependence on AI systems.

2.9 Knowledge Tracing Models and Student Modeling

One of the most significant AI models in personalized education is knowledge tracing

models since they approximate what students know and forecast how their knowledge

evolves over time. In Intelligent tutoring systems and adaptive learning systems, Bayesian

Knowledge Tracing, Deep Knowledge Tracing, Hidden Markov Models and collaborative

knowledge tracing frameworks have been increasingly employed. Compared to the traditional

approaches of teaching, where it is typically based on quarterly exams and observation by

teachers, knowledge tracing models offer the constant monitoring of the student learning

status. These models are able to recognize knowledge gaps, anticipate future performance,

and make interventions which are targeted and enhance academic performance and learning

outcomes. Recent research has indicated that knowledge tracing systems are currently being

extended to include large language models to enhance interpretability, personalization and

predictive accuracy. The development of the category of models known as LLM-KT or

collaboratively operating iterative knowledge tracing models is an indication that in future

years, the education sector may integrate both retroactive sequential models of learning and

reasoning power of transformer models.

2.10 Bayesian Knowledge Tracing Models

Bayesian Knowledge Tracing models have been one of the most popular models of student

mastery due to their utilization of probabilistic arguments to approximate whether a learner

has mastered a specific notion. To a large extent, these models can be effectively used in

intelligent tutoring systems and adaptive learning environments where repetition of

interaction with students can generate sequential data. Bayesian Knowledge Tracing is a

more dynamic and personalized representation of student progress compared to the traditional

teaching methods. The model makes a prediction on whether the likelihood that a student

masters a skill has been achieved after every single interaction or otherwise and continuously
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changes with time. Bayesian Knowledge Tracing can be tremendously interpretable but it

lacks the potential to deal with learning complex situations and multimodal learning data. As

of recent, however, there are indications that scholars have begun to advance the state of

Bayesian Knowledge Tracing, incorporating generative AI, signal processing, and large

language models to form more complex systems of student modeling. It is observed that these

hybrid methods will enhance the personalization of learning, early intervention, and adaptive

feedback in the future learning settings.

3. Future Challenges

Artificial Intelligence (AI) is transforming the education sector by enhancing learning

experiences, automating administrative tasks, and providing personalized learning pathways.

However, despite its significant potential, AI also presents several future challenges that must

be addressed to ensure its effective and ethical integration.

1. Data Privacy and Security:

AI systems rely heavily on student data to function effectively. This raises concerns regarding

data privacy, security breaches, and misuse of sensitive information.

2. Lack of Human Interaction:

Over-reliance on AI tools may reduce human interaction between teachers and students,

potentially affecting emotional intelligence, social skills, and mentorship.

3. Digital Divide:

Not all institutions and students have equal access to advanced technologies. This can widen

the gap between privileged and underprivileged learners.

4. Ethical Concerns:

Bias in AI algorithms can lead to unfair evaluation and discrimination. Ensuring transparency

and fairness in AI systems remains a major challenge.

5. Teacher Training and Adaptation:

Educators need proper training to effectively use AI tools. Resistance to change and lack of

technical skills can hinder AI adoption.
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6. High Implementation Costs:

Developing and maintaining AI-based educational systems requires significant investment,

which may not be feasible for all institutions.

7. Dependence on Technology:

Excessive dependence on AI can reduce critical thinking and problem-solving abilities

among students.

8. Curriculum Integration:

Integrating AI into existing curricula without disrupting traditional learning structures is a

complex task.

9. Reliability and Accuracy:

AI systems are not always perfect and can produce incorrect or misleading outputs, affecting

learning outcomes.

10. Regulatory and Policy Issues:

Lack of clear policies and regulations regarding AI usage in education creates uncertainty and

risks.

Conclusion:

While AI holds immense promise for revolutionizing education, addressing these challenges

is crucial for sustainable and equitable growth. Institutions must adopt a balanced approach

that combines technological advancement with human values.
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