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Abstract:

This position paper presents a critical analysis of the evolution of Artificial
Intelligence in Education (AIEd) through three distinct paradigms: Al-directed
(learner-as-recipient), ~Al-supported (learner-as-collaborator), and Al-
empowered (learner-as-leader). Through a comprehensive review of literature
spanning three decades (1990-2021), the study examines the theoretical
foundations, implementation approaches, and practical applications of each
paradigm. The analysis reveals a progressive shift from technology-centered to
learner-centered approaches, highlighting the transformation of learners' roles
from passive recipients to active leaders in their educational journey. The paper
identifies critical challenges in integrating Al with educational theories and
proposes a framework for future AIEd development that emphasizes human
agency, personalized learning, and ethical considerations. The findings suggest
that successful AIEd implementation requires balancing technological
advancement with pedagogical principles, while maintaining focus on human-
centered learning experiences. This work contributes to the field by providing
a structured framework for understanding AIEd's evolution and guiding future
development toward more effective, learner-centered educational technologies.
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Introduction

Artificial Intelligence in Education (AIEd) emerged from the integration of Artificial
Intelligence (Al) into different learning technologies, revolutionizing instructional design and
learner interaction. Such transformation includes Intelligent Tutoring Systems (ITSs), learning
robot, teaching analytics dashboards, and adaptive learning platforms that improve human-
computer interactions (Chen, Xie, & Hwang, 2020). In the last 30 years, AIEd has become one
of the most potent innovation drivers in the education sector, allowing the new method of
teaching and studying previously unreachable by classroom teaching methods (Hwang et al.,
2020). This technology has facilitated the personalized learning process and eroded the
traditional roles of instructors and advanced the creation of advanced education systems
(Baker, T., Smith, L., & Anissa, 2019; George & Wooden, 2023).

The use of several AIEd methods, such as natural language processing, artificial neural
networks, machine learning, deep learning, and genetic algorithms, has led to the development
of smart learning environments, which can detect behavior, predictive modeling, and learning
recommendations (Chen, Xie, Zou, et al., 2020; Rowe, 2019). However, with ongoing
computerization of the education sector, AIEd is currently a main area of research, and the
artificial intelligence can offer fundamental change to the process of acquiring knowledge,
cognitive growth, and cultural learning patterns (Hwang et al., 2020). In this development,
AIEd proves that it has the potential to support the innovations in the educational field that are
not restricted to the classroom. It provides innovative solutions to contemporary learning issues
and redefines the position of educational technology in the process of teaching and learning
(Guan et al., 2020; Schiff, 2021).

Nevertheless, although Al has a transformative potential in education, the mere adoption of
more advanced Al technologies does not necessarily lead to better educational results
(Tapalova & Zhiyenbayeva, 2022). The applicability of Al in education is closely connected
with its alignment to the key pedagogic and philosophical views since various kinds of
educational technologies can produce significant effects on the quality of both learning and
teaching (Pedro et al., 2019; Yadav, 2025). However, despite a large body of research on
different facets of AIEd, such as its classifications, methods, issues, and prospects, there is a
huge knowledge gap in the existing state of knowledge (Baker, T., Smith, L., & Anissa, 2019;
Chen, Xie, Zou, et al., 2020; Chiu et al., 2023; Hwang et al., 2020). In particular, there is scarce
research that properly examines three essential factors: the variety of functions that Al can
fulfill in education, how Al can be integrated with the existing educational and learning
theories, and the degree to which Al technologies can change the teaching and learning process.
Therefore, this knowledge gap is an indication that further research is necessary beyond the
technical aspects of implementation to explore the underlying relationship between Al
technology and educational concepts. This type of research is necessary to make sure that Al
really works to improve the learning process instead of merely being a technological layer
(Hwang et al., 2020).

In addition, this paper aims to fill this gap in the current body of research through critical
analysis of the AIEd based on three alternative paradigms and assessing their theoretical,
pedagogical, and computational features. Consequently, the paper is a comprehensive
examination of the application of these paradigms in solving various learning and teaching
challenges through using Al techniques by explaining how it applies in schools. The work has
developed a robust reference framework of AIEd future initiatives by carefully discussing
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theoretical underpinning, conceptual studies and practical applications of these paradigms.
Moreover, this framework will lead to development of the field, promotion of learner-centered
strategies, enhancement of human agency, and life-long learning that are the keys to success in
the modern innovation-based knowledge economy. These paradigms and their implications are
analyzed to create a guideline of the functioning of educators, researchers, and developers in
AIEd, delivering the required practical recommendations and explaining why the focus on the
basic objectives of education is more important than technological advancement.

Theoretical Foundations and Current Challenges in AIEd

One of the core issues that AIEd struggles with is how to better meet the needs of learners,
when it is best to deliver the content, and how to empower students so that they have ownership
of their education process (du Boulay, 2000). Nevertheless, although AIEd involves the use of
the latest methods in computing and processing information, the mere use of advanced

technology does not necessarily result in better learning and positive educational outcomes
(Rehan, 2023).

However, it is important to note that one of the issues that remain unresolved in the present
research is the lack of connection between Al methods and theoretical underpinnings, which
also has a strong effect on the success of Al problems in the educational context (Dzogovic et
al., 2024). This gap has been emphasized in a number of systematic reviews carried out by
different research teams. For instance, a review of 146 articles focusing on Al applications in
higher education revealed a concerning lack of critical reflection on theoretical, pedagogical,
and ethical implications (Bearman et al., 2023). Similarly, a review of 45 influential AIEd
articles has found that few studies included established learning theories, including situated
learning, collaborative learning, and adaptive learning theories (Mohammed et al., 2024).

This detachment is further illustrated by the observation of 109 articles on automated feedback
systems that found that the majority of articles did not provide their theoretical basis of learning
or educational framework even though such theoretical underpinnings are essential in the
context of system implementation (Maier & Klotz, 2022). In turn, such negligence is especially
problematic since various forms of educational technologies are bound to represent diverse
pedagogical attitudes.

In order to overcome such challenges, one will have to examine the different uses of Al
technologies in the educational system in accordance with the theoretical frameworks of
education and learning (Hwang et al., 2020). Therefore, the main paradigms will be synthesized
in this position paper by describing the theoretical basis, conceptual, and practical
implementations of the main paradigms, and, finally, providing a wide reference framework
which would guide the future AIEd practice, research, and development.

Research Methodology
The aim of the study is to interpret the key paradigms of AIEd, focusing on their theoretical
backgrounds, conceptual frameworks, and practical implementations. The study is based on
three research questions:

e How do Al technologies assume different roles in educational settings?
e What connections exist between Al and established educational and learning theories?
e In what ways do Al technologies influence learning and instructional processes?
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Therefore, in order to provide systematic answers to these questions, the study adopted a
systematic literature review methodology within the following systematic procedures:

Literature Selection Process

1.

Database Coverage: The literature search was conducted in the major academic
databases, Web of Science, Scopus, Science Direct, and Wiley Online Library,
Association of computing Machinery (ACM), Institute of Electrical and Electronics
Engineers (IEEE), Taylor and Francis, and Elton B. Stephens Company (EBSCO) in
order to embrace all the relevant researches.

Search Strategy: The search strategy involved the combination of keywords associated
with AIEd theory:

o Al-related terms: "artificial intelligence," "AL" "AIED," "machine
intelligence," "machine learning," "intelligent tutoring system," "expert
system," "recommender system," "feedback system," "personalized learning,"
"adaptive learning," "prediction system"

e Theory-related terms: "theory," '"theoretical," "theoretical framework,"
"behaviorism," "cognitivism," "constructivism," "connectivism," "complexity"

Temporal Scope: The literature review included publications published 1990-2021,
reflecting the development of AIEd in three decades.

Categorization Framework: The articles were chosen and systematically divided in
terms of their theoretical foundation, which included significant educational and
learning theories, such as behaviorism, cognitivism, constructivism, connectivism, and
complexity theory.

Analysis Approach: The review explored the connection between Al technologies and
educational theories, the functions of these technologies in learning and teaching, and
the effects of technologies on education. The systematic review resulted in the
identification of three separate paradigms that are going to be discussed further in the
following sections.

Results

The history of AIEd shows that there are three unique paradigms, each of which depicts a
different connection between Al technology and learners. These paradigms show the
development of Al in the educational process and the transformation of the role of learners:

1.

Al-Directed (Learner-as-Recipient): In the first paradigm, Al plays a regulatory role in
the cognitive learning processes and the learners play the main role as recipients of Al-
provided services and directions.

Al-Supported (Learner-as-Collaborator): The second paradigm is more of a
collaborative type of relationship where Al is used as a supportive tool, with learners
playing an active role in the technology as collaborative partners of the learning
process.

Al-Empowered (Learner-as-Leader): In the most progressive paradigm, Al serves as
the tool of empowerment, allowing learners to assume authority and control in the
process of learning. Within this model, learners are engaged in leading their learning
experience using Al as a tool.
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These paradigms reflect a gradual development of AIEd, moving towards a more learner-
centered model, with the role of the learner changing to an active leading role in the process of
education. Table 1 illustrates how AIEd paradigms have shifted from direction to
empowerment.

Table 1: Evolution Of AIEd Paradigms from Direction to Empowerment

Paradigm Theoretical Implementation Technologies Example
Foundation Approach Applications
Paradigm Behaviorism Intelligent Statistical ACT
One: Al- Tutoring Systems relational Programming
Directed (ITSs) techniques Tutor;
(Learner-as-
Recipient) Stat Lady
Paradigm Cognitive & Dialogue-based Bayesian QUE
Two: Al- social Tutoring Systems networks, exploratory
Supported  constructivism (DTSs); Natural environment
(Learner-as- language
Collaborator) Exploratory processing,
Learning Markov decision
Environments trees
(ELEs)
Paradigm Connectivism, Human-computer Brain-computer Real-time
Three: Al- Complex cooperation; interface, MOOC
Empowered adaptive Personalized/ada Machine predictive
(Learner-as- systems ptive learning learning, Deep modeling
Leader) learning

The findings presented above illustrate how AIEd has evolved from directive to collaborative
and ultimately to empowered learning models. This progression marks not only a technological
transformation but also a pedagogical and ethical one, emphasizing the growing agency of
learners. The following discussion interprets these paradigm shifts in greater depth, exploring
how each phase redefines the relationship between Al, human cognition, and education. This
structural transition highlights the growing autonomy of learners as Al evolves from a directive
to an empowering force within education.

Paradigm One: Al-Directed (Learner-as-Recipient)

Learners primarily function as consumers of Al-generated instructional content, reflecting a
technology-directed model of education. This method is also marked by Al systems that
symbolize field knowledge and control the learning paths, and learners are guided by
established instructional patterns. In addition, the theoretical premise of this paradigm is well
in the ground of behaviorism through the arguments made by (Skinner, 1958) which focuses
on the clear arrangement of content sequences aimed at inducing the right behavior in learners.
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According to this model, learning is considered as a process of learning new things through
programmed instructions which present the new concepts in logical, incremental steps, instant
feedback about wrong answers and maximum positive reinforcement of the desired behavior.
Learners in this paradigm act as receivers who respond to a set of known sequences of
knowledge, undergo learning procedures and processes as dictated by Al, and perform learning
processes that are set to pursue predefined objectives. Moreover, the Al capabilities of this
paradigm resemble the teaching machines used by (Skinner, 1958), which were more
concerned with the logical way the subject matter should be presented, allowing overt
responses by the learners and also giving them direct feedback on whether they had the correct
response or not. The striking shortcoming of this paradigm is that these Al systems do not
simulate the emerging knowledge and skills of learners, and do not provide their feedback with
the consideration of individual learners. Therefore, this is the least learner-centered of the AIEd
paradigms with its rigid, pre-established structure in which the standardized content delivery
is more valued than the individualized learning experience.

The earliest ITSs are good illustrations of this Al-guided paradigm in action. An example of
such an implementation was the Adaptive Control of Thought (ACT) Programming Tutor that
illustrated the principles underlying the paradigm by keeping a database of rules of production
of knowledge about programming, statistically calculating the probability of students learning
arule, and providing them with a sequence of exercises (in which such probability values were
computed) based on these calculations (Anderson et al., 1995). Besides, the further evolution
of Stat Lady tutoring system also demonstrates the features and progress of this paradigm. The
first non-intelligent version was the example of a rigid, predetermined one as the content of the
curriculum was presented in a fixed order, the learner had to solve pre-set problems, and was
assumed to have mastered one set of problems before being allowed to move onto the next one
(Anderson et al., 1995). Later, intelligent version of the system showed progress although it
continues to play the role of director of the paradigm. It did online pretests to evaluate the level
of initial student knowledge, applied different strategies to monitor the current learning
conditions, and used data to make informed decisions on the acquisition of the mastery level
or requirements of remediation. Also, historical surveys confirmed that ITSs during that period
were based on knowledge representation based on rules and automated feedback and had a
strict and system-controlled learning direction (Alkhatlan & Kalita, 2018; Ouyang & Jiao,
2021).

Under this paradigm, Al applications are typically implemented in the form of statistical
relational techniques that present the knowledge in the form of production rules, track and
identify specifics of student behavior, as well as give automated feedback and clues (Anderson
et al.,, 1990; Ouyang & Jiao, 2021). In this way, the adoption framework supports the
importance of Al as the leader of the process of learning, where learners use Al services to
perform cognitive inquiry, solve issues, and complete set learning goals (Wang et al., 2024).
The strategy provides a system, learning and guided environment that is still structured and
includes different levels of adaptive instruction depending on the learner performance. It is
important to note that the first AIEd paradigm poses a key question: what is the amount and
nature of learner information, which will be useful to represent, diagnose, and guide the process
of acquiring knowledge and skills? Nevertheless, despite having certain systems in this
paradigm that gather information on learners to determine their learning states, the Al system
has full control over learning material, processes, and objectives, essentially coercing learners
to follow prescribed courses (Alkhatlan & Kalita, 2018; Ouyang & Jiao, 2021).

28



Journal of Information System
and Technology Management JISTM

EISSN: 0128-1666

Volume 10 Issue 41 (December 2025) PP. 23-38
DOI: 10.35631/JISTM.1041003

Conversely, one of the major weaknesses of this strategy is that it may result into stereotypical
expectations regarding the performance of learners. Because the system functions mostly on
the part of the expert or system and yet on the part of the individual learner, no attention has
been given to individual learner characteristics, needs and goals, then, the system can have a
set of rigid expectations regarding what learners are expected to achieve. This uniform method
is especially a problem with ill-defined problems that must be approached with more flexible
and nuanced methods of learning. Thus, to overcome these shortcomings, especially the
problem of Al being an opaque black box that is controlling the learning process, the field has
developed into a second paradigm (Ouyang & Jiao, 2021). In the subsequent version, learners
will no longer be passive receivers, but active participants of the learning process, which will
be a major change in the relationship between Al and learners.

Paradigm Two: AI-Supported (Learner-as-Collaborator)

In this second paradigm of AIEd, there is a significant change in the relationship between Al
technology and learners. The Al system does not rely on a governing power, but it becomes a
supportive element, and learners become active agents in the process of self-learning.
Therefore, this paradigm is theoretically informed by the cognitive and social constructivism,
which asserts that learning is formed as a result of the interactions between learners and people,
information and technology in socially situated settings as postulated by (Bandura, 1986) and
(Vygotsky, 1978). In current educational practice, this collaborative paradigm is exemplified
by adaptive Al learning environments such as Duolingo Max, which adjusts instruction
dynamically through conversational Al feedback, and Khan Academy’s GPT Tutor, which
provides interactive, Socratic-style guidance (Duolingo, 2023; Khan Academy, 2024).
Similarly, ChatGPT-powered classroom assistants allow learners to co-construct
understanding through inquiry-based dialogues, reflecting the learner-as-collaborator model in
real-world settings (OpenAl, 2024).

In this context, Al systems and learners develop active and mutually dependent relationships
aimed at maximizing individualized, learner-centered learning (Bakhmat et al., 2025). The Al
platform will continuously collect and process personal learner data to better and adjust its
student model, and learners will actively cooperate with the system to increase the performance
and effectiveness of their learning. As (Kujundziski & Bojadjiev, 2025) observe, this type of
collaborative relationship is a clear improvement over the directive approach of the first
paradigm.

Moreover, the paradigm represents a significant step towards genuinely learner-centered
education due to the continuous cooperation between human learners and Al systems (Bakhmat
et al., 2025). The focus is no longer upon established learning routes but rather on the adaptive
interactive learning process that is sensitive to the needs and preferences of individual learners.
It is important to note that the transformation shows the more advanced concept of how
technology may be used to facilitate and improve the learning process, at the same time keeping
the learner agency.

Implementations of Paradigm Two: Interactive Learning Systems

Numerous Al applications have been developed in this paradigm, especially in Dialogue-based
Tutoring Systems (DTSs) and Exploratory Learning Environments (ELEs), which are aimed at
mediating interactions between Al systems and learners (Yuan et al., 2024). In particular, such
implementations work in two dimensions: system analysis and interaction with the learner. For
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example, contemporary Al-powered platforms like Duolingo Max employ reinforcement
learning and natural language processing to adaptively respond to learner input, demonstrating
how Al systems and learners collaborate to refine knowledge construction in real time.

System Analysis and Adaptation

The Al systems in this paradigm receive and analyze multimodal data to come up with accurate
perceptions of the status of the learners. As an example, (Ji et al., 2025) used Markov decision
process to dynamically produce and improve production rules using the current learner data,
which produced a more precise representation of knowledge compared to the traditional models
based on experts. In the same manner, (Cao et al., 2025) have also used dynamic Bayesian
network models to model various skill hierarchies and their mutual relationships that increase
the accuracy of knowledge representation of learners.

Learner Communication and Exploration

This paradigm involves the learners working with the system and learning how the system does
its decision-making process and make the correct choice regarding the course of learning (Gao,
2024). One such example is the Query-based User Environment (QUE) exploratory
environment that allowed learners to explore the discrepancies between learners and the system
in rule-based ITSs (Hassan, 2024). Therefore, by the use of the why not and what if questions,
learners were able to investigate the reasoning of the system, which contributed to deeper
comprehension of the interactive learning situations.

Technical Implementation

High-level Al algorithms, such as Bayesian networks, natural language processing, and
Markov decision trees, are used to process mass data of multimodal data, obtain high accuracy
in the results, and produce communicative visualizations (Chaabene et al., 2025). This
technical basis allows two-way interaction with significant communication between the
learners and the system. Nevertheless, this paradigm is a tremendous improvement in the pre-
destined directions of Paradigm One, which will create a more cooperative and learner-focused
paradigm by learning each other with Al systems and learners. This development shows how
Al can be used to aid personalized learning without the process of active involvement of the
learner in education.

Yet, despite the fact that Paradigm Two is a major improvement of the AIEd, it encounters
numerous issues related to the optimal alignment of information provided by the learners and
the Al functioning (Ouyang & Jiao, 2021; Walker & Ogan, 2016). One of the key issues has
been how much and how best learner data can be included in Al systems to improve student
modeling, capture the various facets of learning process and come up with truly adaptive
instruction (Ouyang & Jiao, 2021). It is important to note that the core issue here is to create
long-lasting human-computer synergetic interactions. The interaction is complex in nature
because both learner data and system states are dynamic. Further, the two components have
hierarchical structures that are very complex and continuously change during the learning
process. Therefore, the difficulty is especially clear in the necessity of Al systems to deliver
real-time analysis and immediate feedback so that learners could use it efficiently to improve
their learning processes in the present (Ouyang & Jiao, 2021).

To solve these shortcomings, Al systems should advance to constantly gather and compute the
data generated by learners and give real-time discovery chances to learners to make decisions.

30



Journal of Information System
and Technology Management JISTM

EISSN: 0128-1666

Volume 10 Issue 41 (December 2025) PP. 23-38
DOI: 10.35631/JISTM.1041003

But even these advances can be insufficient to generate more learner agency in the educational
process. This awareness has resulted in the creation of Paradigm Three where learners are
raised to a leadership position in their learning process and they are no longer in the
collaborative relationship as in Paradigm Two.

Paradigm Three: AI-Empowered (Learner-as-Leader)

The third AIEd paradigm is a paradigm shift, which places the learner agency at the core of it
and considers Al to act as a means of enhancing the humanity-based intelligence (Yan, 2025).
The theory behind this technique is the complexity theory, which views education as a complex
adaptive system in which synergistic interaction of various components: learners, instructors,
information, and technology is the key to optimizing intelligence in learners. A complex
adaptive system (CAS) refers to a dynamic learning environment composed of interdependent
agents—students, teachers, and Al systems—that continuously adapt to each other’s behaviors.
In education, this means that Al not only responds to learner input but also evolves alongside
human cognition to co-create knowledge and innovation. This intricate educational ecosystem
should define the development of AIEd and its implementation in the context of the knowledge
that Al technologies are part of a more significant system, and the main participants in it are
people (Torrisi-Steele, 2025). Therefore, this acknowledgment has given rise to a number of
approaches that are human-centered such as human-computer cooperation, human-centered Al
systems, human-AlI collaboration, and human-centered AIEd (Li et al., 2025). These methods
put emphasis on human conditions, expectations and contexts in the development and
application of Al technologies.

In this paradigm, Al has been used as an augmented intelligence enabler making it highly
transparent, accurate and effective support systems. In particular, the teachers get
comprehensible, decipherable, and individualized tools to support the learner-centered learning
process, whereas the students are offered the leadership roles of their learning process, where
risks of Al automation are actively managed at the same time, allowing them to achieve
learning results more effectively. In this way, it is a major advancement in AIEd, which serves
as its eventual end, the improvement of human intelligence, ability and potential with the help
of technology in education (Kong et al., 2025). In turn, such a last paradigm represents the
evolution path of AIEd as it is possible to see how Al can be practically used in educational
practices without losing the human agency and encouraging personal development. It creates a
model in which technology will be used to enhance and not to supplant human abilities and a
more balanced and efficient learning environment will be achieved.

Implementation of Paradigm Three: Human-Computer Cooperation Systems

The integration of high-quality AI methods with human decision-making processes is
manifested through human-computer cooperation systems and shows that the results of
Paradigm Three in Al-empowered learning and leader-as-learner are quite promising (Li et al.,
2025). Recent studies have demonstrated the use of EEG-based brain—computer interfaces
(BCI) that detect learners’ attention levels and cognitive load in real time. These systems enable
Al to support individualized instruction, monitor engagement, and dynamically adjust the
learning pathway. This implementation works under two main avenues namely, technological
advancement and human empowerment.
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Advanced Technical Integration

The latest Al technologies such as brain-computer interface, machine learning, and deep
learning allow continuous gathering and processing of data and provide data accuracy,
transparency, and interactivity (Khosravi et al., 2022; M & R, 2025). Moreover, recent
developments in the form of smart wearable, cloud computing, and Internet of Things
technologies have radically changed the pattern of human-Al interaction (Hong et al., 2025).
The changes in technology have, in turn, transformed the role of Al in the educational process,
especially in the creation of human-artificial cognition systems (Jiang et al., 2024).

Enhanced Human Decision-Making

With the help of Al-based personalized information systems, the processes of teaching and
learning can be more effectively decided. Indicatively, (Ouyang & Jiao, 2021) have come up
with a deep learning model based on recurrent neural network classification of real-time
Massive Open Online Course (MOOC) predictive modeling that enables direct communication
between instructors and learners. In a similar manner, (Khurramov et al., 2025) utilized Al
methods to develop human intelligence enhancement by using prediction and classification
algorithms on the objective of improving the visibility of the process of decision-making by
expert tutors. The key points of this paradigm are the significance of synergetic interaction,
integration, and collaboration between Al systems and human intelligence to generate adaptive
and personalized learning experiences. Moreover, the effectiveness of this method depends on
Al features and on the successful combination of technology innovation with human
knowledge and decision-making, which form a more extensive and efficient learning space.

Overall, the three paradigms reflect a continuous and dynamic transformation in the
epistemological foundation of Artificial Intelligence in Education (AIEd)—from systems of
control to ecosystems of co-creation. This transformation demonstrates not only the rapid
advancement of Al technologies but also a philosophical reorientation toward human-centred
and ethically grounded learning. In contemporary practice, these paradigms are evident in the
use of ChatGPT-based tutoring systems, adaptive learning platforms such as Duolingo Max,
and GPT-powered guidance tools in Khan Academy, which exemplify the integration of Al as
a cognitive partner rather than a mere instructional instrument. Furthermore, this evolution
aligns with the (UNESCO, 2021) Recommendation on the Ethics of Artificial Intelligence,
which underscores human oversight, transparency, accountability, and empowerment as the
cornerstones of responsible Al deployment in education. Hence, the discussion reinforces that
future AIEd frameworks must preserve the balance between automation and human agency to
ensure ethical, equitable, and meaningful learning experiences in the age of intelligent
technologies.

Challenges and Future Directions in Paradigm Three

The key issue of Paradigm Three is to deal with the multi-layered complexity in enabling Al
systems and education processes to be integrated (Alfredo et al., 2024; Holstein et al., 2020).
In particular, such complexity is also prone to such issues as the necessity to harmonize three
essential factors: the complexity of the learning processes, the complexity of Al systems, and
the diversity of the education settings. Therefore, the further evolution of the sphere of AIEd
should be concentrated on the development of systems that will help establish uninterrupted
contact between all stakeholders and ensure the correspondence between models of Al and
human values (Ozmen Garibay et al., 2023). Such systems are required to facilitate new
learning processes and must be able to leverage learner tendencies and behaviors, deliver a set
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of interpretable and actionable results, enable learners and instructors to reflect on the learning
processes, and form iterative learning development loops through Al adaptation (Alfredo et al.,
2024).

Moreover, new frameworks, e.g., human-centered Al systems, human-Al collaboration, and
human-centered AIEd have foundational frameworks that can be used to work with such issues
(Chauhan, 2024). Nevertheless, several dimensions should also be addressed as sustainable
AIEd development includes pedagogical issues, social and cultural aspects, technical
application, ethical concerns, inclusion and equity concerns, teacher training necessities, and
inclusive data gathering measures (Holstein et al., 2020).

Finally, the Paradigm Three aims to realize three core objectives, i.e. enabling learners to
assume full agency in the learning process, maximizing Al methods to offer real-time feedback
about emergent learning, and critically assessing the way Al changes learning in complex,
intertwined education systems (Kong et al., 2025). This holistic approach is the future of
educational technology in which the human agency and technological development collaborate
in harmony to deliver improved learning results.

Discussion

The gap between the educational and learning theories and Al technologies has not been
notably represented in the literature of Al studies, which is why there is a pressing necessity to
strengthen theoretical underpinnings (Sinha, 2025). Moreover, this position paper, based on the
basic learning theories, introduces a system of three different AIEd paradigms to be used in
studying how Al methods can be applied to solving educational issues in a methodical manner.
The initial two Al-directed (learner-as-recipient) and Al-supported (learner-as-collaborator)
paradigms have persisted in the field in the last thirty years. Next, the appearance of the third
paradigm (Al-powered, learner-as-leader) marks a significant change in the direction of the
integration of the human and Al intelligences and the efforts to address the most crucial issues
such as the algorithmic bias, the structure of governance, and Al decision-making transparency
(Cheong, 2024; Hanna et al., 2025). Three important considerations to be made in the evolution
to Paradigm Three are:

1. Multimodal Data Collection: Innovations in technologies allow enhancing the
interpretation of human learning using various data collection procedures that will give
a more detailed picture of the behavior of learners and their needs (Giannakos &
Cukurova, 2023; Mohammadi et al., 2025).

2. Real-time AI Algorithms: New advanced algorithms can enable feedback and
interaction with his or her human factor in a more timely manner that encourages more
responsive and adaptive learning (Alfredo et al., 2024; Cukurova, 2025).

3. Multidimensional Attributes: Recognizing social, cognitive, emotional, philosophical,
and ethical dimensions remains crucial, as human characteristics related to perception
and cognition cannot be fully replicated by Al (Cheong, 2024; Hanna et al., 2025).

Conclusions

This study conceptualizes the progressive evolution of Artificial Intelligence in Education
(AIEd) through three paradigms: Al-Directed, Al-Supported, and AI-Empowered, that
collectively redefine the relationship between technology and human learning (Mustafa et al.,
2024; Wang et al., 2024). The analysis reveals that AIEd has evolved from a directive model
emphasizing automation and control toward an empowering framework that strengthens human
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agency, collaboration, and creativity (Alfredo et al., 2024). Each paradigm demonstrates a
deeper alignment between technological innovation and pedagogical philosophy, highlighting
the ethical responsibility to maintain human oversight, transparency, and inclusivity in Al-
driven education (Zhu et al., 2025). Moving forward, the development of AIEd should not only
enhance adaptive intelligence but also preserve empathy, critical thinking, and social
connection—ensuring that technology continues to serve as a tool for empowerment rather than
substitution.
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