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Abstract 

During the 21st century, Artificial Intelligence (AI) has rapidly occurred as a noteworthy technology, bringing far-

reaching and transformative applications in education, and has become a decisive focus for educators, researchers, 

and policymakers. This article begins with a conceptual introduction to the technology, attempting to establish a 

clear understanding of its nature and functionality in the context of teaching and learning. Generally, the definition 

of AI is the imitation of human cognitive processes by automated devices. The educational applications of AI 

focus on a variety of specific areas, including adaptive learning, machine learning, intelligent tutoring systems. 

With the rapid and enormous advancements in technology, AI has quickly become widely used worldwide in many 

areas. Education has also been thoroughly and profoundly affected by the evolving AI. In this paper, the objective 

is to present the readers a look at the current literature on how AI is used in educational contexts. Various aspects 

of AI, including main opportunities and challenges, have been presented. 
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1. Introduction 

This articlae aims to provide a detailed overview of AI's origins, development, opportunities, application 

areas, and challenges, exploring its role in education. It aims to provide both a conceptual foundation 

and, by providing concrete examples of AI's impact on today's learning environments, to integrate 

theoretical considerations with practical applications. Considering not only its advantages but also its 

ethical and pedagogical concerns, it is going to offer comprehensive understanding of the potential and 

limitations of the implementation of AI in educational context for educators, researchers, and 

policymakers. 

In this era of the 4th Industrial Revolution, almost every human activity has become tightly connected 

to the application of information technologies (IT) as a support in various tasks. IT is considered as not 

only an instrument, but also a mandatory element. The developments that provide great support in 

human life have brought about a strong dependence on information technologies (Rahmatullah et al., 

2022). On top of that, because in the digital age technology has a vital role more than ever, the majority 

of people of the day are educated in terms of technological tools. The increase in literacy, combined 

with new technological developments, has contributed to the spread of educational technology. 

Generations such as millennials and Gen-Z have unique features affecting their age. They demand active 

participation in education. Consequently, technology has become a part of contemporary education and 

it is required to be integrated into educational settings (Hashim, 2018). 

It is no longer a choice but a compulsion for contemporary educational facilities that are at the top 

university level to utilise IT in their instruction. This is owing to the fact that such education demands 
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solid management which guarantees openness, responsibility, productivity and potency. Today, how 

important information and communication technology (ICT) has become is increasingly understood 

because it is among the cornerstones of the development of human civilization. The seriousness of the 

management approach ensures that the use of ICT is the basic element in education (Rahmatullah et al., 

2022). Remarkable breakthroughs in the field of big data and AI have created significant impacts on 

many social areas such as resources management, administration of public affairs, research and 

schooling (Luan et al., 2020). AI, an algorithm-based technology that can make predictions, diagnoses, 

recommendations, and judgments, has recently gained popularity in education thanks to its ability to 

foster education in different environments. Artificial intelligence refers to sophisticated computing 

systems characterised by adaptive behavioural patterns, encompassing mechanisms and elements that 

enable human-like mental and operational traits. This improves supercomputer's human interaction 

capability. Artificial intelligence denotes the capacity of a software application to acquire knowledge 

and perform cognitive processes. Artificial intelligence includes anything that involves a program that 

performs tasks that people usually associate with intelligence (Mitchell, 2019). 

 

2. Literature review 

The field of AI is with a deep history and is continually advancing and expanding. It concentrates on 

algorithms or technologies which adapt themselves to their environments and respond to increase their 

probability of achievement (Shabbir & Anwer, 2018). For more than 20 years, computers have been 

used in educational settings. The earliest computer-based education methods included computer-based 

training (CBT) and computer-assisted instruction (CAI). In these techniques, instruction was not tailored 

to student needs. Instead, student progress was predetermined, with decisions like, "If question 21 is 

answered correctly, move on to question 54; otherwise, move on to question 32." Students' abilities were 

not considered. Both CBT and CAI can address student needs, but they cannot offer the personalised 

attention provided by a human instructor. To provide such attention, a computer-aided learning system 

must be designed to suit both the subject matter and the students. This has fostered research on intelligent 

tutoring systems (ITSs). They enable greater versatility in material display, allowing them to respond 

more effectively to individual pupil demands. They acquire "intelligence" through enabling pedagogical 

decisions regarding teaching methods and the collection of student data. This allows the system to 

monitor its interactions with the student, increasing its adaptability.  

The field focuses on researching, creating, and evaluating software solutions that enhance learning 

processes. Various long-term goals are proposed, including understanding student responses, analysing 

their impact on learning ability, identifying gaps in a student's knowledge, providing tips to help students 

better grasp the material, and ultimately, enabling them to mimic teacher behaviour. It is suggested that 

tutors be developed for individual students or groups based on factors such as gender, achievement level, 

and duration of instruction. Another goal is to use AI methods to inform teaching and learning while 

contributing to educational theory. Almost every term in the previous definition of "intelligent teacher" 

requires AI techniques; these include the ability to understand complex student responses, support 

student learning, identify when and why students are struggling, and offer guidance. The primary issues 

(or goals) of AI studies include reasoning, knowledge, planning, learning, vision, natural language 

processing, and the ability to navigate and control objects. In order to evaluate collaborative activity, 

give a detailed understanding of how individuals learn, and create novel representations and reasoning 

about cognitive insights, artificial intelligence approaches are crucial. Artificial intelligence in education 

(AIED) has been used in complex areas such as physics, programming, essay writing, and reading. Many 

tutors learn each pupil’s competences and shortcomings across various subjects, their abilities, and 

emotional states. How effective are intelligent tutors? Numerous tutors have proven highly effective in 

classrooms. Researchers have examined students' abilities in experiments, at the end of classes, and on 

large-scale standardised tests and found significant improvements in comprehension and learning. 
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Intelligent online tutors are successful examples of AI, but researchers want to support learning across 

different activities and domains by moving from one domain to another. To effectively guide and assist 

anyone, experienced instructors are going to review educational tasks and mirror emerging trends among 

students. Predictions about an individual's skills or affective condition, derived from student 

illustrations, reveal their knowledge, feelings, and actions. What was the time and the means by which 

the information was acquired? Which method was the most effective for the pupil? Analysing particular 

forms of educational data and using data extraction and machine learning approaches from artificial 

intelligence for better comprehension of pupils and their learning processes is vital. 

 

3. Method 

The descriptive study approach is used in this article to provide the readers with an overview of how AI 

is utilised in educational settings. The study has a purpose of describing a brief history, opportunities 

and practical applications, challenges and ethical considerations of the mentioned utilisation. 

3.1. Data collection and analysis 

A comprehensive investigation of the recent literature was the means by which data was collected for 

this article. This process involved locating relevant sources about the broad subject of AI and education. 

The selection criteria mainly focused on historical context, applications, and ethics with regard to AI. 

The data that was collected was analysed with a thematic content analysis approach. The information 

was categorised and organised into separate themes.  

 

4. Results and discussion 

 

4.1 Opportunities and practical applications 

The chapter 4.1.1 examines the enriching possibilities of AI in education. It highlights AI's capability to 

personalise learning by customising educational processes to specific demands of pupils, thus adapting 

to different learning styles and abilities. Additionally, AI can help teachers by carrying out 

administrative duties like attendance and grading, freeing them up to concentrate more on instruction 

and pupil participation. Another option is to use AI-powered analytics to identify learning disabilities, 

predict student performance, and make educational decisions. These potentials position AI as a key ally 

in creating more effective, inclusive, and successful educational institutions. In light of the previous 

discussion of AI's potential, the following chapter 4.1.2 provides concrete examples of current uses of 

AI in education. Examples of practical applications include intelligent tutoring systems that provide 

personalised feedback, software that supports language learning, chatbots that provide instant academic 

assistance, and adaptive applications which modify the level of complexity of the content depending on 

pupils’ progress. The section also discusses administrative uses of AI, such as improving resource 

allocation and predicting student enrolment trends. This chapter explains, through real-world examples, 

how theoretical possibilities translate into practical results in classrooms and educational institutions. 

The chapter 4.1.3 explores classic AI applications, as well as emerging technologies that combine AI, 

VR, and AR. Previously unimaginable digital educational practices can now be realised with the help 

of these technologies. For instance, pupils may carry out scientific experiments in virtual laboratories 

and see historical locations using virtual reality, and develop language skills in virtual cultural 

environments. Augmented reality enhances the physical classroom environment by adding digital layers, 

supporting interactive and multifaceted learning. Such tools, especially paired with AI, can provide 

individualised recommendations and customise students' experiences according to their developmental 

stage, resulting in a highly efficient and captivating atmosphere for learning 

. 

4.1.1 Opportunities  
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The field of study known as AI in Education (AIED) emerged concurrently alongside the first AI studies. 

It combines use-inspired basic and pure applied research. AIED systems incorporate learner models, 

domain expertise, teaching expertise, and user interfaces. The learner model drives personalisation in 

instruction by representing knowledge, misconceptions, interests, and objectives. It must depict the 

components that power the system, like evaluating the behaviour of the students and creating their own 

initiatives. This constitutes precisely the foundation of AIED applications since it allows the program to 

"fully engage" with the student, while the student model allows the system to better understand the 

student and guide educational customization. The learner model is closely intertwined with two other 

crucial components: domain expertise and teaching expertise. Indeed, AIED systems require a strong 

connection between the representations used in these elements; all three elements must work together 

to ensure effective instruction. AIED systems must cope with uncertain, inconsistent, and complex data 

about learners. For example, learners can make both errors and accurate yet unknowing predictions. 

AIED systems are developed so that the model does not change monotonically with the learner's 

development. The fourth element in the traditional perspective on AIED systems is the user interface. 

This encompasses various AIED research areas, such as perception, interface design, and intelligent 

interactive environments. Many AIED researchers focus on developing interfaces that make learning 

more effective by making interactions genuine, engaging, and efficient. For instance, a fundamental 

aspect of AIED studies is the pursuit of natural language interfaces that require speech understanding in 

certain situations, along with natural language understanding and production. AIED's recent work has 

significantly contributed to the development of interface tools, including avatars that generate identity 

based on language, facial expressions, and elements such as race and gender. Furthermore, significant 

efforts have been made to design interfaces that understand students' emotional and motivational states. 

The picture encompasses many different types of interfaces, including simulations and gaming 

environments. There have been some significant recent trends in the vast and varied corpus of AIED 

research. The development of some systems based on cognitive theories has been a significant one, and 

significant strides have been made in the development of instruments that facilitate the expansion of 

earlier systems' constituent parts. Examples include the commonly used cognitive tutors that thousands 

of students use on a daily basis. Constraint-based tutors can be mentioned, as well. Interestingly, the 

learner model is depicted in the graphic as more than just an AIED system component. As an open 

learner model, it can be directly linked to an interface. 

AI is the capacity of computer systems to mimic human mental functions such as acquiring knowledge 

and figuring out solutions. The advent of easily accessible AI applications like ChatGPT has made it 

more crucial than ever to think about how AI could impact and enhance education. Three major groups 

can be made to classify the effects of AI on educational settings: "Guidance," "Teacher," and "Student" 

to make weighing its advantages and disadvantages easier. New techniques with a more defined focus 

can be developed by classifying previous AI attempts in education. As AI advances and becomes more 

widespread, it is clear that having a proper organisational structure will help make better informed 

decisions about the future of AI use and educational processes.  

AI programs that help teachers and students make decisions are loosely referred to as "Guidance" AI. 

Some examples of such programs are Teacher Recommendation System, Identifying At-Risk Students 

and Giving Intervention, and Informative Actionable Feedback. A recommendation system for online 

instructors and students has been developed with the support of AI (Chen et al., 2021). During remote 

individual sessions, such tools are crucial for correctly matching faculty members and students. Students 

and teachers should be carefully matched to minimise programming errors and communicative 

problems. Previous student feedback and evaluations may be deceptive and untrustworthy, reducing the 

effectiveness of the recommendation system. To develop recommendations, AI predicted which teachers 

and students were compatible with each other based on data on the academic backgrounds of instructors 

and students, and used this information to recommend specific professors to certain students. One study 
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by Hlosta et al. (2021) used AI to predict children who might not receive intervention. It applied 

predictive learning analytics (PLA) for estimating pupil performance. The estimations employed were 

utilised to determine those pupils more likely to be in failure, allowing teachers to reach out and 

intervene. Students who received support were more likely to succeed. The study also found that 

intervention benefited disadvantaged students who were financially struggling or belonged to a minority 

group (Hlosta et al., 2021). The study claims that AI can minimise educational disparities and enhance 

access. However, it is emphasised that this needs to be supported with more replication. AI has also 

been utilised to assist pupils in determining things to do to increase their academic success. Scholars 

have created a software which predicts academic success using information compiled by a learning 

management system (Afzaal et al., 2021). These predictions have been used to automatically generate 

practical feedback that students can take to boost their educational achievement, including reviewing 

instructional materials or completing homework. When applied, this method creates input through a 

method known as counterfactual explanations to determine the decisions that will have the most impact 

on the AI’s predictions. Such activities serve as feedback for students to benefit from. This process 

promotes self-regulation and personalised learning, leading to increased productivity.  

"Student" educational AI is the term used to describe the integration of AI and instructional concepts to 

improve the effectiveness of instruction, as for example by transforming education to be a better 

experience or serving as a readily available and customised tutor. Learning analytics, game-based 

learning, and intelligent tutoring systems are a few instances of "learning AI." STEM education is the 

main topic of the online course ALEKS. ALEKS presents pupils with a variety of “topics” and then 

administers progress tests to measure their achievement. Progress tests can be considered significant for 

allowing to determine how well a pupil retains acquired knowledge. However, according to student 

feedback, ALEKS users tend to prefer to acquire new knowledge based on progress tests. Scholars also 

found that following a progress test, pupils are more unlikely to respond to a query due to "assessment 

fatigue" (Adams et al., 2021). For enhancing progress tests, scholars employed AI technology to identify 

themes less remembered and ought to be added to the check. Later, scholars utilised these estimations 

to improve the themes that the progress checks would assess to increase learning gains. They described 

learning gain as themes that were retained in the progress test. Adams et al. (2021) reported a 9% 

increase in learning gains for two groups of approximately 150,000 students between 2019 and 2020. 

This increase is thought to be related to the COVID-19 pandemic. As stated by the Entertainment 

Software Association, 65 percent of people living in the USA spend no less than sixty minutes playing 

digital games each week (Pierre-Louis, 2023). Taking advantage of the rising popularity of digital 

games, teachers may incorporate gamification into their lessons for a collaborative education 

environment. According to Kirchner-Krath et al. (2021), educational games use medals, scores, stories, 

tasks, and more to direct pupils throughout instructional exercises, give prompt feedback, and divide 

learning material into smaller assignments. To boost student interest and engagement, educational 

games can incorporate features like plots, in-game awards, or captivating graphics. AI can adjust 

gameplay to the player's learning level and gather information for learning analytics by allowing human-

like interactions with non-player characters. One such is the game-based learning platform Crystal 

Island, which has a microbiological theme and requires students to identify a sickness that affects people 

on an island. According to Rowe et al. (2009), the narrative objectives, the student's present interactions, 

and their game progress can all influence this story. For instance, the AI can anticipate the student's 

objectives and reinterpret the narrative in light of the information the student has gathered, such as 

character dialogue or hints (Dever et al., 2021). This suggests that students can use easily accessible 

adaptive support to self-regulate their learning when needed (Goslen et al., 2022). 

"Teacher" AI is the term for AI tools that support teachers in their instruction. In this instance, AI serves 

as a supplement to the instructor by, for example, increasing the number of hours used on instruction 

through handling unnecessary duties or widening the range of flexible teaching techniques available to 
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teachers. AI-enabled novel teaching methods and automated grading are some of the examples. 

Automatic essay evaluation systems use artificial intelligence techniques to score essays. In this process, 

machine learning method is used to evaluate texts without needing human intervention. Natural language 

processing method is also used during the process of evaluation. AI software tries to understand which 

essays are of higher quality by examining trends in essays that have been previously evaluated by 

humans. Although an AI model cannot fully grasp the reasons behind the quality of an essay and may 

ignore the subtle details and the setting, it may predict accurate scores based on statistical data from 

essays that have received high scores in the past. Automatic essay graders can be further developed 

through utilising item response theory for averaging across numerous raters (Aomi et al., 2021). 

Teachers who use automatic scoring systems can save time spent on manual scoring and focus on 

interaction with their pupils. Future essay graders can improve the ability of theirs for offering 

personalised feedback by making it easier to analyse essays and free responses. Inq-ITS examines 

students’ responses and engagement levels in an online lab environment with AI support. Pupils’ 

progress through the experiment is tracked simultaneously, allowing for predictions on when assistance 

is required (Dickler et al., 2021). On condition that a pupil is struggling with a particular issue or notion, 

the AI is capable of identifying it and notifying the instructor for assistance. This type of technological 

innovations allows educators to efficiently recognise and guide pupils who are struggling, ensuring that 

the entire class progresses without falling behind.  

Classifying AI-based teaching strategies can promote development that is both safe and efficient. In 

relation to AI in education, the groups "Student," "Teacher," and "Guidance" were proposed. "Student" 

includes methods supporting learning, "Teacher" includes methods supporting instructor instruction, 

and "Guidance" refers to methods that support academic management. These organisations may provide 

a basis for grasping AI’s applications in education, which can help advance the field. 

 

4.1.2 Practical applications  
AI’s implementation in education has many potential advantages. For instance, AI has the potential to 

customise every pupil’s educational journey, allowing them to progress at their own pace and in 

alignment with their individual needs and abilities. This could lead to increased pupil participation and 

improved educational results. Personalised learning is an educational approach tailored to the unique 

needs, strengths, shortcomings, and interests of every individual (Samad et al., 2022). Personalised 

learning employs technological resources to organise courses in line with the levels and learning speeds 

of students (Zarei et al., 2022). AI greatly contributes to personalised learning by examining data and 

identifying patterns in pupils’ learning behaviours, choices and success (Samad, 2022). It can then utilise 

the data for providing personalised learning experiences for every pupil (Samudrala et al., 2022). As an 

instance, AI may provide suitable educational materials, identify themes requiring reinforcement, and 

modify the complexity of activities. A crucial advantage of personalised learning is how it ensures every 

pupil gets the assistance and direction necessary to fully realise their capabilities. Personalised learning 

can assist pupils who are facing difficulties in developing their skills, and at the same time also providing 

challenges for those who are more competent, allowing them to thrive at their own pace (Gningue et al., 

2022). When students have personalised learning experiences, they are more motivated in learning, 

resulting in increased achievement (Al-Abboodi et al., 2021). AI-powered educational applications may 

customise the educational process according to pupils (Ibrahim et al., 2022). As an instance, AI has the 

capability to analyse pupils’ previous achievements to determine the subjects they are struggling with 

and offer focused assistance in these domains (Alarabi & Wardat, 2021). AI may adjust to the pupil’s 

success rate, either decelerating or accelerating the educational experience as needed (Mohammed Al-

Bahrani et al., 2020). In addition, AI has the capability to deliver specific suggestions regarding pupil 

achievement and recommend areas for enhancement, thereby fostering a more individualised and 

impactful educational journey. Personalised learning with AI continues to be effectively implemented 
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across diverse instructional sectors, including K-12 institutions, colleges and universities, and business 

education (Mohammed, Samad, & Omar, 2022). As an instance, a math software powered with AI by 

Carnegie Learning showed 30% improvement in students’ mathematics achievement. Duolingo’s AI-

driven application offers personalised learning opportunities specific to students’ proficiency levels, 

preferences, and study methods (Al-Bahrani et al., 2022). While the advantages of personalised learning 

through AI are promising, there are certain issues that must be addressed. A significant concern is the 

necessity for reliable and precise data to feed AI systems (Wu et al., 2022). Making sure the data is 

consistent and correct is crucial because the quality of the data might impact how accurate a personalised 

learning experience is. The requirement that educators receive training in order to successfully 

incorporate AI-based personalised learning is also an issue (Zahmatkesh et al., 2022). Educators should 

be informed about AI tools’ utilisation and the analysis and application of data provided by algorithms. 

Personalised learning supported by AI has the capacity to transform students’ learning processes and 

their ability to fully realise their potential. Personalised learning can increase academic achievement, 

reduce dropout rates, and increase engagement by providing appropriate support for each individual. AI 

may offer a personalised and efficient learning experience by providing specific feedback and 

suggestions for progress (Jarrah et al., 2022). The advantages of AI-supported personalised learning in 

education are considerable and propitious, despite certain drawbacks.  

Moreover, teachers and students may focus on more important work by using AI to automate repetitive 

tasks like data analysis, grading, and administrative work. By automating grading and evaluation 

processes, AI can save educators time and effort while providing instant feedback to students (AlAli et 

al., 2023). AI systems review pupil projects and deliver recommendations according to set frameworks, 

which allows pupils to obtain instant information about what they have achieved (M Al-Bahrani et al., 

2018; Li et al., 2022). Automated writing assessment systems are an example of AI-based automated 

assessments (Stoica & Wardat, 2021). These systems analyse student writing using machine learning 

strategies for providing rapid feedback and scoring.  

Also, AI can enhance pupil participation through providing dynamic and captivating learning chances. 

Chatbots and virtual assistants, as an instance, may enhance the educational experience, making it more 

engaging and interactive, while adaptive learning technologies may maintain pupil curiosity by 

delivering content tailored to their comprehension. Chatbots are software that interact and communicate 

with humans via written or voice interfaces (Sreenivasu et al., 2023). Lately, the use of chatbots in 

education has increased, providing personalised assistance for pupils, carrying out administration-

related processes, creating innovative chances for participation (Yeruva et al., 2022). A significant 

advantage of chatbots in the realm of instruction is their ability to offer tailored assistance to pupils. 

These robots serve as digital mentors, offering immediate responses to pupils, addressing their enquiries, 

and steering them through the educational journey (Sridhar et al., 2022). In addition, they may make 

personal suggestions for teaching materials, identify where development is needed, and monitor pupil 

growth, which can provide a customised educational journey. One more advantage of employing 

chatbots in educational settings is their ability to streamline administrative duties (Mohammed Al-

Bahrani et al., 2022). Chatbots have the capability to handle repetitive tasks like launching applications, 

taking down notes, and responding to common enquiries, thereby enabling educators to dedicate more 

time to critical matters such as instruction and mentorship (Gningue et al., 2022). This automated process 

may as well be beneficial by reducing failures in administration and discrepancies, making operations 

more efficient and accurate. Chatbots may as well offer novel ways to increase interaction in education 

(Patil et al., 2022). Chatbots, together with conversational interfaces, can improve learning processes by 

encouraging engaged participation and promoting pupil motivation. Chatbots have the potential of 

offering gamified learning by organizing activities and offering rewards and motivation to achieve 

learning goals (Stoica & Wardat, 2022). A number of instructional establishments and organisations 

have incorporated chatbots into their educational processes (Yeruva et al., 2023). As an instance, 
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Georgia State University has launched the chatbot “Pounce,” which answers students’ enquiries and 

provides assistance with regard to instructional and administration-related stuff. In addition, the 

University of Adelaide in Australia has developed a chatbot called “MyUni,” which supports students 

with administrative issues such as registration, programs, and course information (Mohammed Al-

Bahrani, 2019; Yeruva, Durga et al., 2022). In addition, Duolingo’s chatbot allows students to improve 

their spoken language skills and receive feedback.  

A platform introduced by Google in 2023 called NotebookLM is among the noteworthy innovations of 

AIED. The educational and research capabilities of Google NotebookLM are characterised by its 

reliance on a retrieval-augmented generation (RAG) architecture, which ensures that all generated 

outputs are derived from user-provided source materials. This design effectively mitigates the risk of 

AI-generated misinformation and hallucinations, thereby fostering greater reliability and transparency 

within academic environments (Tozuka et al., 2024). By anchoring responses in specific lecture notes, 

research articles, and transcripts, the platform facilitates a more relevant and contextualised learning 

experience than traditional large language models. Several practical applications of this technology are 

identified across the higher education landscape. As a research companion, the tool can be utilised to 

streamline literature reviews by summarising extensive texts, clustering similar concepts, and 

identifying overarching themes. Academic integrity is further reinforced through citation-aware 

question-answering, which allows for the precise tracing of ideas back to their original sources. In the 

context of curriculum development, the platform is employed to perform rapid content audits, ensuring 

that intended learning outcomes are pedagogically aligned with assessment tasks and instructional 

activities. For instructional purposes, NotebookLM is used to generate personalised study aids, including 

summaries, flashcards, and timelines tailored to individual student needs. An interactive podcast feature 

enables the conversion of complex scientific papers into conversational audio dialogues, which supports 

auditory learners and promotes deeper conceptual understanding. Furthermore, the platform is applied 

in teaching delivery to manage high-volume Q&A settings, functioning as a real-time tutor that 

maintains consistency with course-specific terminology. Through these multimodal outputs, diverse 

learning preferences are accommodated while cognitive load is reduced, ultimately promoting self-

regulated learning and generative AI literacy (Hu, 2024). While the pedagogical benefits are significant, 

several drawbacks and institutional risks are identified in relation to the integration of Google 

NotebookLM. Concerns regarding copyright and intellectual property are raised, particularly as the 

platform enables the public sharing of notebooks (The Verge, 2025). If a notebook contains copyrighted 

journal articles or book chapters, public distribution may violate legal standards and service terms unless 

specific licensing agreements are in place. Financial and scalability issues are also highlighted as 

potential barriers to adoption. The introduction of a premium "Pro" version suggests that access to 

expanded features may be limited for financially disadvantaged groups. This can pose as a risk to 

educational equity, potentially widening the digital divide for students and institutions with limited 

financial resources. Furthermore, there are technical limitations and the risk of overreliance on 

automated outputs. Although the retrieval-augmented generation (RAG) architecture minimises 

hallucinations, the accuracy of the AI remains dependent on the quality of the uploaded documents. 

Users may develop a false sense of comprehensiveness, potentially overlooking critical knowledge gaps 

that exist beyond the curated source material. Therefore, educator oversight is essential to ensure 

pedagogical accuracy and to mitigate the effects of any biases present in the original documents. Finally, 

institutional governance and long-term sustainability are also issues to be handled. Data privacy must 

be evaluated to ensure compliance with local protection laws, particularly when sensitive student 

information is involved. Additionally, because the developer company has a history of discontinued 

services, this creates uncertainty regarding the long-term availability of the platform. The withdrawal of 

service support could significantly disrupt established teaching and research workflows. Consequently, 

integrating Google NotebookLM into higher education requires to be grounded in robust pedagogical 
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principles and empirical evidence. For AI to be both sustainable and transformative, institutional policies 

must be established to address data governance, accessibility, and intellectual property proactively. 

Artificial intelligence tools, which cover a wide range from adaptive learning platforms that customise 

lessons according to student needs to intelligent tutoring systems that provide instant feedback, have 

changed the educational environment. In addition, AI-based solutions enhance the review of extensive 

instructional information, allowing teachers to access precious information on pupil achievement, study 

patterns, teaching efficiency (George and Wooden, 2023). Artificial intelligence-supported virtual 

reality (VR) and augmented reality (AR) apps present experiential educational opportunities which go 

beyond the limits of traditional classroom experiences.  

Artificial intelligence is often seen as a powerful tool capable of transforming education (Chen et al., 

2020; Pedro et al., 2019; Alam, 2021). Educators can leverage AI tools for improving the instructional 

experience and student performance, simplifying administration-related processes, and creating 

engaging educational settings. The potential to offer students individualised learning experiences is 

among the most important advantages of incorporating AI into education. Traditional standardised 

education approaches frequently struggle in adapting to the diverse learning preferences and speeds of 

each pupil (Lopez and Schroeder, 2008; Mustafa, 2015). Yet, AI-based adaptive education platforms 

can analyse large data sets regarding pupil progress and choices for tailoring education to the specific 

needs of each student (Gligorea et al., 2023). These systems can dynamically adjust the content, pace, 

and difficulty of learning materials based on immediate feedback, ensuring that students receive support 

and challenges appropriate to their ability levels. Personalised educational opportunities increase pupil 

participation, motivation, and success because pupils enjoy a sense of confidence and aid throughout 

the process of education (Song et al., 2012; Zakaria et al., 2024). Additionally, personalised learning 

may aid in reducing inequalities in success and foster equality through ensuring that every pupil receives 

effective, customised education (Patrick et al., 2016; Pape & Vander Ark, 2021). AI-powered chatbots, 

for instance, may imitate human teachers by conducting engaging conversations, answering questions, 

and providing quick responses. Additionally, AI-powered instructional simulations and games give 

students fun, interactive opportunities to use what they've learned in real-world situations. Teachers can 

devote more time and effort to instructing and guiding pupils by using AI to automate administrative 

duties. AI-powered solutions automate mundane administrative tasks like grading, designing and 

planning lessons, freeing up instructors to create captivating educational opportunities, provide 

personalised assistance toward pupils, and collaborate with coworkers. AI also helps teachers examine 

data on pupils using machine learning to find recurring themes and opportunities for improvement. This 

methodology helps teachers better choose educational approaches, actions, materials, helping them 

achieve better teaching and learning outcomes. 

 

4.1.3 Virtual reality and augmented reality: A dimensional transition 

VR and AR have lately become prominent technologies. They make it possible for individuals to access 

the digital world. The chance of combining the digital and real worlds enhances creativity and interaction 

opportunities by enabling the transfer or transformation of information. Creators have the ability to 

merge their virtual creations with real life, while players can bring the game universe from their 

computer monitors to the real world, and more information can be transmitted quickly in physical 

offices. Cinematographer Morton Heilig developed virtual reality (VR) in 1950 to provide audiences 

with a cinematic experience. Virtual reality (VR) can be defined as an electronically designed 

environment that is used through tools that enable interaction. VR display equipment falls into three 

main categories: spatial projector, head-mounted device (HMD), and hand-held devices. HMD is a 

device that allows users to interact with their environment. This immersion measures users' perception 

of their "reality" within the electronically generated environment.  
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Yet, augmented reality is a type of virtual reality which adds virtual elements to the real world. Instead 

of allowing users to see their real surroundings, virtual reality presents a totally virtual environment. 

This demonstrates that augmented reality technology enhances the real world rather than completely 

replacing it. Therefore, augmented reality can be considered a balance between fully virtual and fully 

real environments. Like virtual objects in VR, users must connect with augmented items through 

calibrated and programmed tools, ensuring that these objects appear compatible with the real 

surroundings. These tools are called human-computer interaction (HCI). This encompasses the ways 

people interact with virtual or augmented objects, such as a contemporary keyboard featuring physical 

keys, a screen, or voice detection.  

The development of engaging educational settings via VR and AR technology is another fascinating 

possibility that AIED may offer. With these immersive technologies, students could be taken to 

historical locations, virtual worlds, or scientific simulations, enabling them to engage with and explore 

ideas in ways that aren't feasible in a conventional educational setting. As an instance, pupils in biology 

classes can utilise AR technology for projecting visual representations of bodily components over real 

objects, which allows visualising in a three-dimensional manner. Likewise, scholars studying past 

incidents can utilise VR for experiencing vivid recreations of significant locations or occurrences and 

develop better comprehension of the setting and importance of historical happenings (Yin, 2022; 

AlGerafi et al., 2023; Gandedkar et al., 2021).  

The abilities needed by 21st-century citizens differ from those of previous centuries. Cognitive (non-

routine problem solving, systems thinking, and critical thinking), interpersonal (active listening, 

presentation, and conflict resolution), and intrapersonal (generally grouped under adaptability and self-

management/self-development personal qualities) skills are all examples of 21st century skills. For 

instance, two AI methods—dialogue systems and inquiry learning— can enhance instruction for 21st 

century abilities. In the future, in addition to offering instructors and developers real-time data to 

improve their teaching strategies, intelligent tutors may offer many of the advantages of a human tutor. 

Implementing robust discussion and communication methods is a critical step in teaching 21st-century 

skills. Teachers can understand the intonation and stress students use when speaking and use this to 

provide ongoing interaction and feedback. The interaction and feedback capabilities of intelligent 

tutoring systems are still limited. Systems capable of simulating authentic interactions exist. Yet, further 

investigation is required for better interpreting students' speech, intonation, gestures, expressions of the 

face and reacting appropriately. Teachers' dialogue modules ought to guide students while prompting 

appropriate questions to help them acquire information. The ability for computers and students to engage 

in deeper dialogue overcomes some limitations in human-computer communication and contributes to 

the development of constructivist teaching methods.  

The 21st-century workforce requires both "hard" skills (traditional fields such as history, mathematics, 

and physics) and "soft" skills (collaboration, reasoning, disciplined thinking, creativity, social skills, 

metacognitive abilities, computer literacy, and the ability to evaluate and analyse information). 

Furthermore, navigating the contemporary information economy demands a strong tolerance for 

ambiguity, an eagerness for accepting strategic opportunities, and the capacity to develop innovative 

answers for questions which defy clear definition. Individuals living in a knowledge-based society must 

be able to quickly grasp innovations, frequently experiment with various problem-solving methods, and 

build effective teams. Individuals must address both knowledge-related challenges and opportunities. 

Instructors must rapidly revise their teaching methods and content to utilise current information within 

an area with rapid technological advancements. Let's take an example from the rapid development and 

unpredictable movements of the internet. The internet first emerged in the mid-1990s. As of 2015, 37.3 

percent of the world's population was using the internet. Internet-related services and applications are 

present in nearly every aspect of modern life. How can education prepare children for this rapidly 

changing, profound culture? Over the past 25 years, the internet has become a crucial part of nearly all 
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social activities, affecting many aspects of human life. At the very least, students should be taught how 

to search the internet, how to obtain information from it, how to evaluate the data they obtain, how to 

use it responsibly, and how to present well-researched information. One solution is to strengthen and 

develop students' skills. Students need to be more creative, dynamic, and prone to group work; they also 

need to understand learning methods. Critical thinking, creativity, teamwork, higher-order thinking, and 

motivation are among these essential qualities.  

Eventually, it is anticipated that AI technology will enhance learning experiences for students, enabling 

them to reflect on their own education. Education professionals leveraging AI technologies will be able 

to analyse large data sets of teaching behaviours, encompassing elements such as learning, emotion, 

motivation, and social interaction. In the coming years, intelligent online teaching is expected to become 

more prevalent in internet-based learning. Within five years, young people will likely spend more time 

in virtual environments, learning advanced teaching skills through educational games and simulations. 

While users may not fully grasp the workings of the adaptation algorithm, the algorithm is influencing 

personal search rankings behind the scenes, as seen in partnerships with Google. Algorithms exist to 

help increase search efficiency. Students will experience a similar phenomenon in the educational 

materials they use; this process involves intelligence. Intelligent instructors can provide many of the 

same advantages as human instructors while also providing immediate insights for educators and 

creators who are willing to enhance their methodologies. 

 

4.2 Challenges and ethical considerations 

Benefits of AIED are significant; however, the challenges and ethical issues surrounding its use must 

also be considered. This section addresses issues such as data protection, algorithmic fairness, 

technology addiction, and student access to AI resources. This raises questions about the role of teachers 

in AI-enabled classrooms: Should teachers act more as facilitators while AI performs mundane tasks, or 

does AI risk undermining the emotional dimension of teaching? This section highlights the importance 

of transparency, responsiveness, and responsible design in implementing AI systems in education. 

Although integrating AI into education has a lot of potential, there are a number of issues that must be 

resolved for it to be used successfully. Guaranteeing every pupil, without regard to socioeconomic status 

and geographic location, fair accessibility to AI-powered tools and resources is one of the main obstacles 

to incorporating AI into educational settings. Pupils from under-represented groups or disadvantaged 

areas might not have the devices, hardware, and web connection needed for accessing such digital 

environments. People who have medical conditions might face challenges when using AI technologies 

that are not tailored to their needs, leading to digital inequality (Chiu et al., 2023; Božić, 2023; Johansson 

et al., 2021). Instructors, legislators, and software manufacturers need to focus on inclusiveness for all 

pupils to solve access difficulties. In the process, pricing, accessibility, alignment with assistance 

technology should be considered, along with ensuring the necessary instruction and guidance for 

teachers and pupils to efficiently use the technologies.  

AIED requires the gathering, preservation, examination of pupil information, which poses serious issues 

regarding data confidentiality and safety (Pedro et al., 2019; McCardle, 2002;). Education organisations 

and companies ought to confront intricate legislative and moral issues when collecting, using, and 

disseminating personal pupil data whilst also adhering to information safeguarding laws like the Family 

Educational Rights and Privacy Act (FERPA) in the US (Rights and the Law, 2014). Creating inclusive 

AI solutions that are usable by all students must be a top priority for educators, legislators, and tech 

developers in order to solve accessibility concerns. Furthermore, the spread of AI tools introduces a 

potential for information leaks, unauthorised entries, as well as malevolent actors exploiting pupil 

information.  

Biases by AI, with a potential to reinforce disparities and undermine efficiency of AI tools, also pose as 

a challenge to AI’s integration into educational settings. Biases in AI systems can arise from data biases 
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used in the training process, choices in algorithm design, and societal biases inherent in the information 

utilised for training these systems. To illustrate, if AI systems learn from outdated info that shows current 

gaps in education or resource access, they might unintentionally continue biases by strengthening current 

disparities. Furthermore, opaque or poorly accountable algorithmic decision-making processes can 

obscure prejudices and complicate not only the detection but also the correction of segregations by 

algorithms (Akgun & Greenhow, 2022; Borenstein & Howard, 2021). For reducing bias, teachers and 

tech creators should consider values such as equity, responsibility, openness when designing and 

executing AI. That encompasses analysing instructional information for detecting as well as reducing 

prejudices, carrying out equity-focused machine learning algorithms, and regularly auditing and 

evaluating AI applications for guaranteeing that marginalised communities are not negatively affected 

(Bogina et al., 2021; Xivuri and Twinomurinzi, 2023).  

Complicated moral issues regarding legitimacy, accuracy, and equity in school evaluation processes 

arise from using AI for assessing pupil achievement. Privacy and security of student information play a 

vital role in the implementation of AI into educational settings. Academic establishments and tech 

suppliers are required to comply with rigorous data safeguarding protocols and moral principles to 

ensure the confidentiality of pupils and avert unlawful access, utilisation, or sharing of delicate private 

information. Effective data encryption, access controls, and security measures must be established for 

safeguarding pupil information against malicious online attacks and illicit hacking. In addition, clear 

information management rules and processes, as well as informed consent and control mechanisms, are 

essential for making sure of an understanding among pupils as well as their households regarding the 

methods of data collection, storage, and utilisation. Tackling the prejudices is crucial for guaranteeing 

justice, equality, as well as inclusion in AI-based educational settings. These prejudices may sustain 

current disparities as well as promote discriminatory practices, leading to inequitable outcomes and 

further deepening gaps in education (Agarwal et al., 2023; Zajko, 2021). For reducing prejudices, 

teachers and tech creators should employ a multifaceted method which includes algorithmic equality 

principles, algorithms aware of prejudices, as well as diverse instructional information. The strategy 

involves thoroughly assessing instructional information for detecting as well as reducing prejudices, 

enriching the data to represent various groups of pupils, and applying equity measurements as well as 

assessment methods for not only examining but also reducing biases within AI systems (Kordzadeh and 

Ghasemaghaei, 2022; Michael et al., 2023).  

In addition, clarity as well as responsibility serve as necessities to ensure the fairness, reliability, and 

accountability of AI systems. Clarity around the creation and execution of AI, and tools to explain and 

audit algorithmic decisions are needed for not only recognising but also eliminating prejudice and 

unfairness. Clarity and responsibility constitute the key to legitimate utilisation of AI in educational 

settings. Education stakeholders need to provide open and honest information about how AI technology 

is used in educational settings, including the purpose of the AI, the origins of information and systems 

used, as well as the probable impact on students’ educational journeys and achievements. All of that 

necessitates establishing ethical principles and standards for the use of AI in education, as well as open 

and candid communication with children, parents, teachers, and other stakeholders to obtain informed 

consent and feedback. It is also imperative to implement accountability mechanisms and effective 

methods to handle problems, concerns, as well as requests concerning AIED to make sure the 

accountability of AI tools for not only the choices they make but also the results they achieve. This 

process involves defining specific categories of authority as well as responsibility over creation, 

execution, review of AI tools, also implementing not only auditing but also evaluation processes for 

monitoring AI systems’ adherence to moral rules along with laws. Although AI technologies can 

improve educational evaluations' effectiveness, impartiality, and dependability, if they are not applied 

sensibly and ethically, they also carry the risk of prejudice, discrimination, and privacy violations. 
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The significance of AIED research is becoming more widely acknowledged. The Grand Challenges that 

have been identified reflect this. According to a challenge, "A teacher for every learner," computers can 

revolutionise instruction by improving learning outcomes for everyone and changing how individuals 

gain new knowledge over the course of their existence. It is the challenge “to provide learning 

environments that approach the effectiveness of one teacher for every learner.” The National Academy 

of Engineering has identified fourteen key challenges in engineering. Advanced Personalised Learning 

is among them. This concept encompasses effective online individualised tutoring platforms, along with 

recommendation programs which assist students in selecting the most relevant information from a 

variety of options. It also highlights the potential for analysing data from digital learning activities in 

education. This acknowledges the interaction with learning systems engineering by combining the 

human brain and neuroscience with healthcare examination technologies. The UK Computing Research 

Committee has identified nine Grand Challenges to the field of Computing Research. Learning for Life 

is among them. It aims to develop technologies that enable each student to learn at their own pace and 

to encourage collaboration between students and appropriate teachers. This challenge highlights the 

importance of effectiveness at the individual, group, and societal levels. Unlike previous significant 

challenges, this one encompasses a broader scope than the individual student. Memories for Life is 

another UK Grand Challenge that acknowledges that our memories shape who we are. Because our 

augmented memories serve as essential for lifelong learning, augmented cognition is associated with a 

comprehensive perspective of AIED. The most recent example of such innovative statements is the 

Microsoft Being Human, Human-Computer Interaction in the year 2020. This study explores different 

aspects of learning, encompassing both formal educational settings and learning through new mobile 

and continuously accessible interaction tools. The rich and detailed data generated from learners' digital 

traces is considered crucial. This could transform assessment methods and provide families with a more 

comprehensive perspective on their children's development. Learning is recognised as playing a critical 

role in lifelong health needs, particularly as individuals age and face challenges to their health and well-

being. Developing technology can provide useful information on those as well as similar components 

of life, yet individuals must be empowered for using this data effectively. Even though the concept is 

addressed within the context of Human-Computer Interaction, it presents many challenges related to AI 

and AIED. This situation highlights the fundamental characteristics of AIED. Overall, approximately 

half of these Grand Challenges are strongly linked to AIED research. 

 

5. Conclusions 

One of the most striking technologies to emerge in the 21st century is artificial intelligence, often defined 

as the imitation of human intelligence by machines. In education, Al refers to systems which can take 

over tasks once performed by educators, such as language understanding, personalised instruction, 

learning analytics, automated assessment, and student support services. The role of AIED is gaining 

further importance and complexity while it keeps evolving.  

Since its inception in the mid-20th century, artificial intelligence has undergone significant 

development. AI began with theoretical ideas, initially involving rule-based systems and specialized 

software. Today, it has evolved into a useful tool integrated into real-world learning environments 

through deep learning and natural language processing models. In recent years, large-scale language 

models and adaptive learning platforms have enabled teachers and students to provide instant feedback 

and personalised learning experiences in diverse learning situations.  

AI in education offers a very promising opportunity. By tailoring information to every pupil’s needs, 

AI can improve learning outcomes and provide personalised instruction. It can also alleviate teacher 

burdens by automating administrative and grading processes. It provides continuous guidance and 

feedback to students, providing support through chatbots and intelligent systems. AI-based analytics can 
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be used to help teachers identify learning gaps and increase the effectiveness of their interventions, 

creating a more inclusive as well as flexible instructional setting.  

Yet, the increasing utilisation of AIED raises crucial ethical questions, as well. Ensuring that AI 

technologies be equitable and prevent worsening current disparities, issues like information 

confidentiality alongside biases in algorithms require careful consideration. Furthermore, consideration 

should be given to how accountability and transparency should be maintained in AI-enabled systems, 

and to what extent educational decisions should be influenced or determined by algorithms.  

In summary, AI can transform education; however, its utilisation must be guided by pedagogical 

goals, ethical responsibilities, and inclusiveness. To effectively implement AI, it is essential that 

educators, researchers, policymakers, and technology experts collaborate to enhance, rather than disrupt, 

human-centred teaching and learning. However, unless these conditions are met, AI will not be a truly 

creative, successful, and equitable educational tool.  

The road ahead of AIED looks promising with prospects for advancement as well as development. 

AI can revolutionise the landscape of education, enabling it to be further personalised, effective, and 

successful. Within years to come, stronger AI tools understanding and responding to feelings, providing 

further complex responses, also generating personalised lesson plans according to individual students 

may be expected. 

To sum up, there are many chances to improve student results, learning experiences, and educational 

equity and inclusion through the utilisation of AIED. For guaranteeing appropriate and fair applications 

of AI technology in educational settings, it also presents important obstacles and moral dilemmas that 

need to be properly handled. Educational stakeholders may fully utilise AI for serving various demands 

as well as goals of every student and advance fair global accessibility to top-notch learning environments 

by carefully and proactively addressing these issues and ethical concerns. 
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Eğitimde yapay zeka: Matrix metaforu  

Özet 

Yapay Zeka (YZ), 21. yüzyılda hızla önemli bir teknoloji olarak ortaya çıkmış, eğitimde geniş kapsamlı 

ve dönüştürücü uygulamalar sunmuş ve eğitimciler, araştırmacılar ve politika yapıcılar için belirleyici 

bir odak noktası haline gelmiştir. Bu makale, teknolojinin kavramsal bir tanıtımıyla başlar ve öğretim 
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ve öğrenim bağlamında teknolojinin doğası ve işlevselliği hakkında net bir anlayış oluşturmaya çalışır. 

YZ genellikle makineler tarafından insan bilişsel süreçlerinin simülasyonu olarak tanımlanır ve eğitim 

alanındaki uygulamaları doğal dil işleme, uyarlanabilir öğrenme, makine öğrenimi ve akıllı öğretim 

sistemleri gibi çeşitli özel alanlara odaklanır. Teknolojideki hızlı ve muazzam ilerlemelerle birlikte, YZ 

kısa sürede dünya çapında birçok alanda yaygın olarak kullanılmaya başlanmıştır. Eğitim de gelişen 

YZ’den kapsamlı ve derin bir şekilde etkilenmiştir. Bu makale, okuyuculara eğitimde YZ kullanımıyla 

ilgili mevcut literatürü sunmayı amaçlamaktadır. YZ’nin ana fırsatlar ve zorluklar gibi çeşitli yönleri 

sunulmuştur. 

 

Anahtar sözcükler: yapay zeka; gelişen teknoloji; eğitim teknolojileri; akıllı öğretim sistemleri. 

 

AUTHOR BIODATA 

Insert here author biodata. 


