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ABSTRACT
Educational Artificial Intelligence (EAI) holds immense promise in transforming traditional learning
paradigms by integrating artificial intelligence and learning science to create personalized learning
systems. This paper explores the critical role of EAI in advancing personalized learning, addressing
challenges, highlighting opportunities, and proposing future directions. Leveraging insights from
learning science and Al, EAI systems aim to tailor learning experiences to individual student needs,
preferences, and learning styles. However, the complexity of data, ethical considerations, and scalability
issues pose significant challenges. Addressing these challenges requires a multidimensional approach
involving stakeholders such as educators, policymakers, and learners themselves. The paper discusses the
foundational principles of personalized learning, the role of machine learning and Al algorithms, adaptive
learning technologies, and ethical considerations surrounding data privacy and bias. Furthermore, it
examines the evolving landscape of Al in education, emphasizing the need for transparency, fairness, and
scalability in Al-powered personalized learning systems. Finally, the paper outlines future directions,
emphasizing the importance of integrated assessment features, continuous improvement in Al algorithms,
and bridging the gap between research and real-world implementation.
Keywords: Educational Artificial Intelligence, Personalized Learning, Machine Learning, Adaptive
Learning Technologies, Data Privacy, Bias and Fairness, Challenges, Opportunities, I'uture Directions

INTRODUCTION

It is vital to leverage the theory of learning science and artificial intelligence to design and develop new
and improved educational practices [17]. Because of the substantial computational resources needed and
the complexity of data from both sides of teachers and learners, EAI systems and their components
demand more research. In general, just like recommender systems and in-depth student data analysis, it is
critical to maintain transparency and trust in EAl-driven smart learning systems for their acceptance and
large-scale use by stakeholders, such as teachers and students [2-57. Raising awareness, training, and
conducting practical workshops for a variety of stakeholders, particularly in developing countries, to
provide appropriate and compliant recommendations, is another essential concern in the region. Future
researchers may examine how personalization can be facilitated and devised in EAI systems in a right-to-
left integrated way [6-107. Different students have different learning behaviors and skills, which makes
personalized learning essential for stakeholders, including K-12 schools and universities. Personalized
recommendation and learning features based on predictable trends have shown significant effectiveness in
supporting instructional design [11-147, while motivation remains the essential theoretical framework of
EAI Specifically, adaptive learning environments based on individual profiling, track progress and adjust
learning paths to promote self-regulated learning and academic success. For instance, web-based and Al-
driven personalized mathematics software suggest mathematics problems for individual students that
present the greatest gains in student learning. On the other hand, the one-size-fits-all curriculum may
lead to a lack of attraction to a few students’ interests. In response, the Al-driven personalized learning
system adjusts the contexts of content, covering students’ interest in learning and their preferred
modalities, while keeping readily available communication and support for students [15-197.
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Educational Artificial Intelligence (EAI) is a promising and emerging field that integrates artificial
intelligence and learning science to create personalized learning systems using machine learning
algorithms [20, 217. EAl-based personalized learning systems collect data describing student learning
behaviors (e.g., solving problems and interacting with their peers), predict student learning performance,
and provide real-time feedback, accurate review, and collaborative supervision. Specifically, KHAN
Academy with over 120 million active users worldwide, is an influential EAI system with a suite of
personalized learning features (e.g., student learning progress, knowledge mastery, and teacher
recommendations) [22, 237].

Background and Significance

Teaching everyone the same way means that it won't reach the same standards as often. In recent years
large-scale individualized learning has become viable via advances in technology. Personalized learning
eventually responds to the specific learning needs of each student. Al algorithms can be responsible for
developing such customized learning experiences that require a complex computational analysis of a
student's circumstances. Al provides instruction and instruction material at the required intensity based
on learners ' needs. It differs from traditional learning in that it provides the explanations and
instructions individually tailored and is not limited by time. Information and explanations are reviewed
repeatedly at the moment when they fail to understand the information once upon a time. Personalized
learning is crucial for a successful learning experience [24-287. Personalized learning is the revolution
that our world needs since personalized learning directly addresses the increasing needs for learning in
the 21st century. The primary aim of Al in education is to elevate the personalization of learning and
promote self-paced learning. Different students have different learning abilities, and sometimes spending
the same amount of time to learn the same thing does not give equitable results for everyone. To promote
self-education efficiently, tutorials on matters of pupil interest can be chosen. To help the instructors to
give personalized learning in a larger group, it needs the tutor's pupil model that shows the learning

needs, preferences, and capabilities of students [29-347. Al systems may recognize all students ' ways of

learning. Today, with the diversity of thought, interest, prior knowledge, learning style, and learner’s
age, all instructors need to move on from the traditional, and now obsolete one-size-fits-all teaching and
learning-focused mode to an individualized one. Al-supported technologies can be an effective solution to
this problem even for online settings, which makes it easy to collect the necessary data and provide
personalized learning experiences to each learner. Al can help educators offer tailored content to students
and automate the assessment process, allowing teachers to focus more on teaching and tutorials [35-397.
Foundations of Personalized Learning
At heart, personalization is a computationally inexpensive form of experimental design — It is about
choosing decision points (content, pathways, strategies) based on historical data and then updating our
understanding of our students and our educational materials based on our actions and their results.
Personalized educational systems in high school or college education are known in the industry as
adaptive learning systems; in addition, in various subdomains adaptive mathematical tutoring and open
learning materials have been online for years, although many of these were rule-based systems [40-44].
Implementing personalized learning in schools is not straightforward, as it is contradictory to the
principles and practices of the traditional factory-model classroom and much of the logistics of large-scale
educational systems, including the design of educational content and the knowledge and skills of many
educators. One of the enablers of personalized learning in recent years is a new generation of algorithm-
powered educational platforms [45-497. These platforms enable students to learn at different speeds and
via different forms of content adjusted to personal preferences. Achieving personalization requires having
content and learning activities that can scale. This means taking advantage of various forms of digital
content that measure the learners' understanding and their degree of confusion. This work requires
educators to understand the diversity of learning strategies, diverse data types, and diverse computing
systems that make personalization possible, however, also makes personalization analytics systems
complex and vibrant [50-54].
Definition and Principles of Personalization

Though personalized systems have an upper hand over age-old lectures or one-size-fits-all systems, direct
communication/interactions between instructors and learners, and among the learners are generally not
replaced by personalized systems. Instead, these systems take data from multiple communication channels
of distributed learning platforms, including instructor feedback, assignments, sessions attendance,
learning and knowledge assessment data generated by different learner interactions, and the content used
for these interactions, to help instructors in making better decisions concerning personalization. Al-
driven personalized systems come with a trade-oft between the precision of predictions and the system’s
ease of use [55-607]. To maintain the system’s ease of use, only partial personalization is normally done.
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Such Al-driven personalized systems in educational research are called “Al-driven tutoring systems” “Al-
based advisor systems” or “Al-driven facilitator systems” [61-65]. Personalization can be approached in
different ways. One of the most frequently employed methods is individualization. Individualization refers
to either of the following: (i) individual instruction and (ii) individual learning. In individual instruction,
the content, structure, and pacing of learning are tailored to the learning preferences and profile of
individual students. However, an instructor constructs all or most, tasks, instructions, or assessments for
the different learners. On the other hand, individual learning refers to self-planned aspects of education or
free, informal learning. In such cases, students usually do not have a formal instructor but are allowed to
pursue their learning using different learning resources [66-697. Over the last decade, personalization
has attracted much attention in Al and educational technology research. Personalized learning systems,
tools, and platforms are now available at different levels of education, including K-12 and higher
education institutions. p.2 Al-Driven Personalized Learning System, Advisor, and Tutoring System [70,
717
Traditional vs. Personalized Learning Approaches
Few of the systems identified the prior knowledge gaps in students and tried to remove those dynamically
based on the learner's performance. Systems consider various attributes such as learning styles, learning
preferences, learning strategies, and learner’s demographics including nationality, psychological factors,
and emotional states to treat the learner for it's engagedness [72-757. Each learner can have his/her
strengths, weaknesses, interests, and preferred ways of learning, and Al-powered personalized education
can significantly improve education quality by adapting to each learner's unique characteristics and
expectations. The traditional learning approach focuses on mass education by following a session-based
(online class) model. With this approach, the instructor follows the one-size-fits-all approach, which
means the same type of content will be displayed to all learners irrespective of their educational
background, learning style, or preferences whereas in personalized learning, the system recognizes these
constraints and provides a learning plan exclusively designed for the student, using Al algorithms. The
related literature on personalized learning emphasizes the potential of providing the best possible
learning experience for each student [73-787. Personalized e-learning considers individual student
variations and customizes the virtual training environment. The factors of professors' competence,
teaching style, and assistance are related to positive student emotions and trigger flow. Various
theoretical models, such as FAUCLE, aim to connect elements of the e-learning process and create
relationships among them. Recently, Artificial Intelligence (AI) algorithms have been introduced in e-
learning systems to support personalized learning approaches. It is designed to adapt to learners'
requirements based on their preferences. Providing learners with the right content, and personalized
learning environments can support learners in aspects such as close interaction with course content, a
variety of multimedia content types, technical skills, and the level of depth of a presentation of the content
[79-827. Personalized learning systems, also known as adaptive learning platforms or intelligent tutoring
systems, use Al to provide students with access to different learning materials based on their individual
needs and subjects [83-867].
Role of Al in Personalized Learning
FUNDAMENTAL OPPORTUNITIES
The goal of the next generation of LA is to get learner learning trajectories. Learning trajectories are the
prediction of how learners should improve to reach their learning goals and aspirations. Although the
learning trajectory is one of the key findings in the field of learning sciences and human cognition, the
form creation and direct prediction of this information from the data is an open question. To make a first
step towards this goal, we offer a new trace-based modeling approach for the time series in the features of
the learners such as assessments for how well learners had acquired specific knowledge, how accurately
the learners had been able to generalize this knowledge and how efficiently the learners had been able to
apply this knowledge in solving problem [87-907.
DEPICTION OF AI IN PERSONALIZED LEARNING
These are typically integrated with intelligent tutors (I'TSs) to provide customized learning. In a
feedforward system, Al can learn associations from LMS data and bottlenecks and pre-empower feedback.
A primary contribution is a growing emphasis on data-driven Al capable of nominally adaptive responses.
As a result, it becomes plausible to personalize learning at a high proficiency and work based on
achievement level or prior knowledge. While even calling for adaptive support, the question is whether
this sector is prepared to exploit these advancements. To outline key achievements and strategies to sense
and respond, adapt, and anticipate digital trace data are used. The operating characteristics of Al
applications currently are reinforced; both the technology and infrastructure readiness desired to execute
such interventions are still largely driven by research opportunities and less by commercially viable
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software options [91-967. The role of Al in personalized learning has gained momentum in recent years,
as it holds the potential to revolutionize the traditional learning paradigm. The term personalized
learning is not new, but with the emergence of Al, knowledge can be tailored or personalized and
delivered to individual learners based on their unique specific learning needs. Personalized learning helps
in recognizing, creating awareness, and enabling the moving parts of a supportive learning environment.
It is very important to have an intelligent presence, creating functionality and helping in the next level of
personalized learning. The involvement of technology and a massive amount of data has led to the
development of complex intelligent systems. Al has partially been able to digest these enriching data and
plays a fundamental role in improving the process of personalized learning [97, 987.
Machine Learning and Al Algorithms
Using artificial intelligence in teaching and learning, such as algorithmic transparency, bias,
discrimination, equity, privacy, and security, can be subject to ethical concerns. Teachers should be able to
select the algorithmic model that is best suited for the task, configure its parameters, choose how data
comes in terms of feedback, and understand the conditions under which new models are to be built.
Unintended biases inside students’ data collection methods, missing information, imprecision, and lack of
control over the data they gather can be mitigated by teachers through these concerns. Specifically, data
minimization, data dispersion, decay of data, differential privacy, and data curation are techniques and
strategies that can be applied to limit these concerns [99, 1007]. Teachers should be able to explain how
their algorithmic recommendations have been created to students and answer questions about how these
recommendations are made. A way to build up this explainability is feature engineering, a technique
where some statistical details of the features are provided, and the result of feature extraction should be
interpretable, so the teacher can comprehend the properties of each feature and shape the data for the
model in such a way that it is not unique. Machine learning (ML) and artificial intelligence (AI)
algorithms are the underlying tools in today’s technology-based products and services, and they have
been applied in various sectors including education, especially in personalized learning platforms and
intelligent tutoring systems (ITS) [101, 1027]. Given the variety of different pedagogical models,
algorithms, and components that can be used in an ITS, the use of ML and Al-enhanced I'TS enables the
platform to collect, process, interpret, and use data in real-time. Specifically, kernel methods are the most
common way of analyzing the performance of the system about the user actions concerning the system’s
recommendations. Furthermore, these models can use different sources of information to make
predictions and adapt to the user’s features on the fly [1037.
Adaptive Learning Technologies
These systems are based less on a one-size-fits-all educational strategy and further on bespoke client or
group-tailored interactions, promoting true Customer-Centric Personalized Learning (CCPL)
Technology. In comparison, they are helpful for educators who struggle in today’s distributed educational
environment since they may guarantee that students in need are not overlooked in large educational
frameworks. Al-enabled databases give individualized, adaptive assignments that may recommend
homework questions based on the student’'s NTO (number of times open) answer and NTSC (number of
times submit choice). Artificial intelligence (AI) studies have the potential to yield new adaptive learning
paths for learners by considering their learning habits and outcomes, and user understanding of the
question [1047. The adaptive learning system would also recommend learning pathways and knowledge-
point marking according to the adaptiveness of the students, displaying pace allocations, and carrying out
personalized learning historical data. Therefore, Al possesses the potential to customize educational
content to a specific pupil’s requirements, learning styles, tempo; labels, and statistics related to online
learning interactions; Predicting the failure of the student in any topic [105]. Adaptive learning
technologies implement a teaching method and emphasize customized practice questions. Prescriptive
analytics works on historical data and suggests an individualized learning path, constraints, and
prescriptive advice [1067]. Adaptive learning technologies that collect real-time user data, such as a user’s
learning patterns, time between questions, accuracy of questions answered, correctness, and bias of each
question, user understanding of the question without options (e.g., fill in the black), difficulty of each
question, and confirms the long-term memory of questions. The system then selects the next question
based on the adaptive results from real-time user data [107].
Challenges and Ethical Considerations
Issues related to developing systems that are scientifically valid, educationally effective, acceptable to key
stakeholders, and scalable. There are also several ethical challenges related to potential harm to learners
or teachers, confidentiality of user data, surveillance of learning anywhere and all the time, potential bias
in teaching and learning resources, and inequitable access to Al-powered personalized learning systems.
In particular, the wider deployment of AI technologies is enabling rapid and large-scale development and
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delivery of affordable, effective personalized learning systems. For instance, Al tools, such as user input
automation, chatbots, tutoring systems, and various gamified systems, can advise on and/or make
decisions about, a range of aspects of learning, from learning companions to embedded assessment, and all
aspects of the curriculum [108, 1097. They can also provide new forms of support, such as automating
administrative tasks. For many learners, including those far removed from formal education, and those in
high or low-income countries, Al-powered learning systems promise much in terms of low-cost,
personalized learning. While Al-powered personalized learning systems have much potential, the road to
their large-scale adoption is not without significant and deep-seated challenges. Personalized learning, or
individualized instruction, refers to instruction that is paced to the learning needs of students and tailored
to the specific learning preferences of different learners [1107. It also involves using different forms of
technology and digital content to allow for learning opportunities that are flexible, adaptable, and
responsive to student needs. From simple pathways through learning material tailored to each student's
ability to adaptive learning systems that use Al to identify areas where students struggle and then offer
extra help in those areas [1117. Personalized learning has grown in recent years, thanks to advances in
technology, and in particular, personalized learning has benefited from one specific technology: Al
Data Privacy and Security

It is impossible to discuss Al in education without discussing big data. One of the virtues of the big data
movement is the ability to aggregate separately stored datasets for all purposes. Yet, once this data is
integrated, it becomes vulnerable to leaks, hacks, and unauthorized access, and if one dies, all the others
die. Many components have made the personalization renaissance possible in the last few years from deep
learning algorithms’ improved predictive capabilities to faster microprocessors that enable faster
algorithms [1127]. However, the single most critical element has been the coalescence of educational big
data, which in turn has been, enabled by the birth and expansion of massive online open courses. Major
technology companies, such as Google, Apple, and Amazon, have each established a presence in the
personalization market. Their unique selling proposition is that students interact with their applications
in school and at home so that they can collect more data. Thus, their systems have the potential to
facilitate year-round, all-the-time surveillance of students. Al-powered personalized learning systems
require vast amounts of data, both personal and sensitive, to operate. From the personalization model to
the adaptive learning engine to the predetermined curriculum or lesson generator, underlying algorithms
require large datasets [1137]. These datasets typically include but are not limited to, a bevy of sensitive,
educational, and noneducational student data including biographic, demographic, academic, social,
emotional, biometric data, health, behavioral attributes, searchable, personal, attendance, enrolling
objects, course enrollment, extracurricular activity participation, transport, and meal eligibility, and
disciplinary records. They require vast quantities of data about academic performance and a student’s
behavior and choices inside an educational environment. From national student clearinghouses to
educational records bureaus to credit bureaus to state Departments of Education to institutional
departments, most higher education institutions have a multiplicity of data sources that store student
data. Student records not captured in the data store are often plentiful in public records, institutional
notes, and online records [114].

Bias and Fairness in AI Algorithms
Bias can arise in Al content through factors such as data selection, algorithm design, or other human-
elected factors. For example, if training data doesn't represent the diversity of the population, Al systems
can implicitly “write out” minority perspectives when using such disproportionate datasets. It can be
useful to promote diverse datasets that represent the evenness of the situation being measured, e.g. a
facial recognition algorithm built from populations including representative genders, skin shades, ages,
etc., to help develop mindsets that reflect parity [1157. This training data should balance likely functional
and frequency values as well as avoid relying too heavily on perspectives coming from unjust power
distributions. These datasets can also be chosen to represent the problem space from multiple angles and
perspectives, beyond a narrow scope of a single perspective leader. This may be likened to researchers
working on a certain type of bacterial engineering using multiple models and variables to avoid losing
sight of certain reminders, etc. However, data collection will not necessarily prevent bias from entering
an Al system. This data is not neutral, coming from a world born of oppressive structures, historical
legacies, and power disparities as in the Kuenssberg example above. Biases in data can include over- or
underrepresentation of something within relevant historical data because of bigotry widespread in a given
population or could have complex causes [1167. Bias in data collection might mean that a trainer model is
privileging certain patterns of regularity over others. An Al system can only replicate inequalities
inherent in historical data that influence how we frame a problem, define a situation, or evaluate
conditions of certain situations or populations and biases in how the Al system affects Al output. This
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means the way a system is trained and the data it is trained on can strengthen existing biases if
developers fail to account for history and context. Al for learning has the potential to generate different
opportunities, resources, and outcomes for different learner groups through human-computer
interactions, and technological and infrastructural specificities (117, 1187. It is crucial to have a deeper
engagement with actors who are involved in Al-for-learning platforms (beyond just developers and
instructional designers) since they influence the design choices being made. Besides top-bottom
coordination, educators (who employ Al-driven instructional materials in educational settings),
policymakers (articulate Al-for-learning goals; design and enforce regulations, standards, and policy
guidelines), and students (interact with Al-driven content) should also be involved. This will enhance
readiness for the challenges and opportunities that result from Al integration in educational contexts. As
a naive application of Al algorithms in the learning environment can exacerbate disparities in inner
educational contexts, for example, pitfalls of flawed models, unintended consequences of using Al in
educational systems, and bias, and fairness issues in Al-generated educational content. There are
challenges associated with integrating Al into learning. Toward preventing the exacerbation of certain
disparities, some scholars put forward a forward-looking design focusing (e.g.) on more equitable future
scenarios, as opposed to optimization, problem-solving, or generalizing algorithms based on limited and
prior data akin to the science fiction approach that lampooned [1197.
Future Directions and Conclusion
As said earlier, AIEd proliferation faced legitimate concerns regarding student data privacy. Therefore,
future AIEd systems must focus on transparency. The hypothesis is that the more transparent an AIEd
system is seen, the more user buy-in we can get from educators, parents, and students. At least two
pressing real-world improvement concerns have not been paid a lot of deep AIEd research attention.
First, long-term adaptive feedback fatigue. One experiment with a utility optimizer for the deliberately
boring item presentation order did not show a lot of (meaningful) learning gains. What works is a rich
Al-enabled space with counter-frustration feedback, but there is a roadmap of tens of partially
autonomous pet projects ahead. Second, the scalability of Al-powered personalization. We have some
results in gamified areas, but we lack scalable approaches that do not rely heavily on manually designed
educational ontologies and meta-labels [1207]. Well, mainstream CBT suffers from a similar issue; the
blurry boundary between these 2 existing paradigms of improving education (in slight exaggeration) is a
big business that received a lot of focus in future research. No EdTech system is complete without an
integrated assessment feature. Therefore, AIEd systems capable of designing, delivering assessments
with feedback, and providing adaptive learning suggestions are necessary. The most significant evolution
in education gaps will happen when we have Al algorithms working on some form of (automated) content
analysis and feedback. Examples may include automated essay assessment, automated feedback on
individual homework answers, personalized adaptive highlighting in STEM exercises or exams,
summative assessments (like exams) based on individual meta-questions, and many others [1217. There
is a wide variety of content assessment areas. There is an increasing body of evidence accumulating that
Al-powered Adaptive Learning Systems can outperform traditional systems. There is no doubt among
leading AIEd-ists that the personalized learning trajectory can only be achieved by highly sophisticated
Al algorithms continuously analyzing a lot of student data. Most of the (plausible) future studies are
focused on closing the remaining knowledge and skill gaps in AIEd business intelligence and the abilities
to smoothly use that BI in complex real-life EdTech ecosystem multi-stakeholder projects [122, 1237].
CONCLUSION
Educational Artificial Intelligence (EAI) presents a transformative opportunity to revolutionize
traditional learning practices through personalized learning experiences tailored to individual student
needs. While EAI systems offer significant potential, they also face various challenges, including data
privacy concerns, bias in algorithms, and scalability issues. Addressing these challenges requires
collaborative efforts from educators, policymakers, researchers, and technologists. By prioritizing
transparency, fairness, and continuous improvement, EAI systems can enhance educational outcomes and
empower learners worldwide. Moving forward, future research should focus on developing integrated
assessment features, improving Al algorithms, and bridging the gap between theory and practice to
realize the full potential of personalized learning in the digital age.
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