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Abstract

This systematic review examines the conceptual structure of artificial intelligence in education (AIED) research, focusing on AI applications, research topics, and research design elements. Following PRISMA guidelines, the study analyzed peer-reviewed articles published between 2020 and 2024 from major academic databases. The findings reveal that AI applications in education primarily cluster into four categories: Emerging technologies, intelligent evaluation and management, personalized tutoring and adaptive learning, and profiling and prediction. The investigation of research topics indicates a strong emphasis on system and application design, followed by studies on adoption and acceptance, impacts, and challenges of AIED. Analysis of research designs shows that while descriptive and survey methods dominate the field, there is limited use of experimental and mixed methods approaches. The theoretical foundations of AIED research demonstrate its multidisciplinary nature, drawing from fields such as education, psychology, mathematics, and sociology, though many studies lack robust theoretical grounding. Research contexts predominantly focus on higher education and K12 settings, with minimal attention to preschool education. This review contributes to the understanding of AIED's current landscape and suggests future research directions, including the need to incorporate emerging AI technologies, strengthen research in underrepresented educational contexts, enhance methodological rigor, deepen theoretical contributions, and foster interdisciplinary collaboration. These insights are particularly valuable for educational stakeholders navigating the transformation toward Education 4.0 and beyond.
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1. Introduction

The rapid technological transformation driven by the Fourth Industrial Revolution has fundamentally reshaped educational paradigms, presenting unprecedented challenges and opportunities for learning ecosystems. Artificial Intelligence (AI) emerges as a critical technological intervention that promises to revolutionize educational approaches, pedagogical methodologies, and learning experiences (Marques-Cobeta, 2024). Traditional educational models are increasingly becoming inadequate in addressing the complex, dynamic skills requirements of a rapidly evolving global knowledge economy (Li, 2022). The integration of AI technologies represents a pivotal mechanism for reimagining educational delivery, personalization, and strategic innovation (Aithal & Maiya, 2023). As educational institutions confront the imperative of digital transformation, understanding the multifaceted potential of AI becomes paramount for developing adaptive, intelligent, and responsive learning environments (Rane, Choudhary, & Rane, 2023).
At the international level, educational systems are experiencing profound disruptions triggered by technological convergence and AI-driven innovations. For example, an Indian research calls attention to the "new cheating dilemma" and questions the ethics and fairness of using AI to help with academic work (Rane, Paramesha, & Desai, 2024). The same dilemma is experienced in Spain which highlights the emergence of a technology that has transformed from a fun instrument to a disruptive innovation (García-Peñalvo, 2023). Empirical evidence suggests significant variations in AI adoption across different national contexts, reflecting diverse technological readiness, infrastructural capabilities, and institutional receptiveness to technological innovation.
In the Philippine context, educational transformation remains constrained by structural challenges, including limited technological infrastructure, uneven digital literacy levels, and resource limitations (Reñosa et al., 2021). Despite these constraints, the Philippine government and selected educational institutions have begun exploring AI's potential through targeted initiatives and pilot programs (Distor, Khaltar, & Moon, 2021). The Department of Education and higher education institutions have incrementally introduced digital learning platforms and explored adaptive learning technologies (Bantugan et al., 2024). However, systematic integration of AI remains fragmented, with significant disparities between urban and rural educational environments (Wang et al., 2024). 
Despite the rapid advancement and integration of artificial intelligence in educational settings, there exists a notable gap in synthesizing and systematically analyzing the diverse applications, methodologies, and theoretical frameworks employed across AI in education (AIED) research. While individual studies have examined specific AI applications in education, there lacks a comprehensive understanding of the conceptual structure and patterns within existing AIED literature that could inform future research directions and practical implementations. 
A systematic review is particularly timely given the accelerating transformation of educational systems toward Education 4.0, where AI technologies play an increasingly pivotal role. As educational institutions worldwide grapple with integrating AI solutions, there is an urgent need to consolidate existing knowledge, identify successful implementation patterns, and understand theoretical underpinnings. This understanding is crucial for informed decision-making by educational stakeholders, preventing fragmented or ineffective AI adoption, and ensuring that AI integration aligns with pedagogical objectives and learning outcomes in the rapidly evolving educational landscape.

Research Questions

	The goal of this study is to conduct an in-depth grasp of the conceptual framework of current artificial intelligence in education (AIED). This study specifically seeks to respond to the following queries:
(1) Which are the main types of AI applications being investigated in the field of education?
(2) What are the main subjects of inquiry and what are the main conclusions?
(3) How do the main components of research design—such as research techniques, guiding theories, and research contexts—stand in the field of AIED?

Literature Review

A branch of computer science called artificial intelligence (AI) is devoted to comprehending human cognitive processes and using information systems to replicate their results (Wang et al., 2024). Building intelligent systems, or computer programs or machines, that can learn, reason, solve problems, perceive, and create is the primary goal of artificial intelligence, according to Rainer et al. (2016). Typical examples of artificial intelligence (AI) technologies include fuzzy logic, neural networks (including machine learning and deep learning techniques), expert systems, genetic algorithms, and intelligent agents (Rainer et al., 2016). There are two types of AI: strong and weak. Weak AI refers to AI applications that have been created and implemented for commercial use (Wang et al., 2024). 
AI applications, which are designed for cognition and problem-solving based on algorithms and knowledge bases, can effectively support and augment educators' and learners' abilities in teaching and learning. This is especially true in the field of education, where learning and teaching are knowledge-intensive cognitive activities. Since the advent of AI in the mid-1950s, AI has being used more and more to support training and education in a number of fields, such as language, STEM, and medical (Perrotta & Selwyn, 2020). AIED applications are now being created to assist teaching and learning activities such as content preparation and dissemination, interactions and collaboration, and performance assessment (Perrotta & Selwyn, 2020).
A substantial body of studies has examined AIED applications, leading to review studies in the field. Table 1 provides a list of recent review articles. The table presents a comprehensive overview of systematic reviews and bibliometric analyses in AI-enhanced language education between 2020 and 2024. Regarding research domains, there is a clear concentration on language learning technologies, with specific focus areas including chatbots and conversational AI (Jinming & Daniel, 2024; Lai & Lee, 2024; Ji et al., 2023), Intelligent Virtual Agents (Katsarou et al., 2023), ChatGPT in ESL/EFL contexts (Lo et al., 2024), and emotional AI applications (Liu et al., 2024). Methodologically, nine studies employed systematic reviews examining between 10 to 83 research papers, while one study (Huang et al., 2023) conducted a bibliometric analysis of 516 papers, representing the most extensive review. The review content demonstrates a progression from general effectiveness studies of language learning apps (Huang, 2020) to more specialized investigations of specific AI applications, such as emotional AI and ChatGPT. The temporal scope of reviewed articles ranges from 1990 to 2024, with most studies focusing on post-2015 research, indicating the field's rapid recent development. The synthesis reveals an evolution from broader AI integration studies toward more targeted analyses of specific AI tools and their pedagogical applications in language education, with particular emphasis on empirical evidence, affordances, and implementation strategies.

Table 1. Literature Review: Major Review Studies in Recent Years
	Article
	Type
	Review Content
	Time of articles reviewed
	Research Domain

	Jinming & Daniel, 2024
	Systematic review of 24 research studies
	Synthesized the empirical evidence of chatbot applications conducted in an English-speaking learning environment
	2017-2023
	chatbot applications 

	Katsarou, Wild, Sougari, & Chatzipanagiotou, 2023
	Systematic review of 10 research studies
	Synthesized relevant interventionist Intelligent Virtual Agents (IVAs) studies that were conducted in EFL settings
	2015-2020
	Intelligent Virtual Agents (IVAs)

	Ji, Han, & Ko, 2023
	Systematic review of 24 research studies
	Synthesized empirical evidence of human-computer collaboration from studies conducted in an AI-integrated language learning environment 
	2015-2021
	Roles of conversational AIs

	Lai & Lee, 2024
	Systematic review of 32 research studies
	Analyzed the trends in conversational AI tools in ELT
	2013-2023
	Conversational AI tools

	Liu, Zhang, Jiang, Chen, & Wang, 2024
	Systematic review of 20 published studies
	Synthesized the affordances of emotional AI in EFL education
	2022-2023
	Emotional AI applications

	Lo, Yu, Xu, Ng, & Jong, 2024
	Systematic review of 70 empirical studies
	Summarized both the current knowledge and the gaps related to the use of ChatGPT in ESL/EFL education
	within a 1.5-year period after the release of ChatGPT (i.e., between 1 December 2022 and 31 May 2024
	ChatGPT in ESL/EFL education

	Weng & Chiu, 2023
	Systematic review of 83 related papers
	Investigated the application of First Principles of Instruction (FPI) in ICALL
	Not specified
	Intelligent Computer Assisted Language Learning

	Liang, Hwang, Chen, & Darmawansah, 2023
	Systematic review 
	Synthesized the roles and research foci of Artificial Intelligence in Language Education
	1990-2020
	Artificial Intelligence in Language Education

	Huang, 2020
	Systematic review of 32 related papers
	Evaluated the empirical basis for the effectiveness of language learning apps
	Studies published after 2007
	Language Learning Apps

	Huang et al., 2023
	Bibliometric analysis of 516 related papers
	Investigated and synthesized the issues focusing on how AI was integrated into language education
	2000-2019
	AI in language education


Despite existing review studies on AIED research, there is a need for a comprehensive review of the up-to-date literature to gain insights into the conceptual structure of the field. First, the majority of the existing review focuses on AIED applications and their characteristics, missing a higher-level comprehensive overview of research topics and methodologies, which is key to scholarly interest. Second, existing review studies on the general AIED field are mainly based on the sample of articles before 2019. However, the COVID-19 pandemic spurs the adoption of AI and the research of AIED. This up-to-date sample needs to be reviewed and their insights aggregated. Finally, there is a lack of examination of the foundational theories that are commonly employed in and steering the AIED research, which are critical in comprehending the current body of studies and charting future research development.


2. Method

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (O'Dea et al., 2021) criteria were followed in the course of this systematic review. The search criteria, data extraction, synthesis, and critical analysis were all conducted in accordance with the Campbell and Cochrane Economics Methods Group recommendations (Wang et al., 2021). 

2.1. Search Strategy

To find pertinent publications published in databases between 2020 and 2024, a thorough search was conducted. Web of Science and the International Database of Education Systematic Reviews (IDESR) were the databases that were consulted. From the reference lists of the included studies and reviews, backward and forward snowball searches were employed to locate more papers on Google Scholar. To guarantee the work's reproducibility and transparency, Appendix 1 Anex contains the specifics of the search technique, including key phrases and initial hits.

2.2. Inclusion and Exclusion Criteria

	The researcher included studies in the review that satisfied the following criteria: (1) to guarantee academic rigor and research quality, studies must be published in peer-reviewed academic journals, conference proceedings, or scholarly publications; (2) only research articles published between 2020 and 2024 will be included to capture the most recent developments in AI applications for Education 4.0 and emerging educational technologies; (3) studies that specifically address the use of AI technology in educational settings and are published in English; (4) original research articles, systematic reviews, meta-analyses, and empirical studies that demonstrate practical AI applications, implementation strategies, or theoretical frameworks for educational innovation; and (5) studies must specifically address artificial intelligence (AI) technologies such adaptive learning systems, machine learning, and natural language processing, intelligent tutoring systems, or predictive analytics in educational settings.
	The researcher excluded studies that: (1) do not specifically focus on educational applications and instead discuss AI technologies in general or in other industrial sectors; (2) are purely theoretical without any empirical evidence, practical implementation, or demonstrable outcomes in educational AI; (3) examine AI technologies that are no longer considered innovative or relevant to current Educational 4.0 paradigms (e.g., very early computational methods from before 2010); and (4) are not available in full-text format or cannot be accessed through institutional subscriptions.


2.3. Selection and Data Extraction

The first hits were exported after every search in the aforementioned databases. After removing duplicates, all titles and abstracts were assessed in order to choose the relevant research based on the inclusion and exclusion criteria. Following the initial screening, the researcher reviewed a random sample of included and excluded studies to verify the comparability of the studies. Figure 1 shows a flow chart of the study selection process.
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Figure 1. Flow chart depicting the process of the study selection for the systematic review.

The whole text of the remaining research was evaluated against the inclusion criteria after papers that satisfied the exclusion criteria during the initial screening were eliminated. Any discrepancies were then discussed and a consensus was established.

3. Results 

The distributions of different AIED application kinds, research topics, research methodologies, guiding theories, and educational environments coded in the content analysis subset of publications are shown in Figure 2.

3.1. Artificial Intelligence Applications in Education

As shown in Fig. 2a, adaptive learning and individualized tutoring, intelligent assessment and management, profiling and prediction, and emerging technologies or products are the four main areas of AIED applications that have been discovered, each with its own subcategories. Adaptive learning and personalized tutoring applications are the most researched of all applications (Fig. 2), accounting for 45% of the sample's papers. These are followed by applications for intelligent assessment and management (31%), profiling and prediction (18%), and emergent products in education (6%).
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Figure 2. Distributions of various types of AIED applications, research topics, research methods, guiding theories, and education contexts

3.1.1. Adaptive Learning and Personalized Tutoring Applications

Based on students' learning choices, interests, emotional states, and competency level, this field of artificial intelligence (AI) in education applications seeks to personalize the educational process and offer them a customizable learning environment. The use of rule-based expert systems has changed significantly in recent years as more sophisticated AI methods and algorithms, such as decision trees and neural networks, have replaced them. These programs are now characterized by their interactive and learner-centered designs. Two subcategories of adaptive learning and customized tutoring applications include intelligent tutoring systems and adaptive hypermedia learning systems.
Intelligent tutoring systems. Intelligent tutoring systems (ITS) are computer-assisted educational systems that mimic the tasks of a human tutor using artificial intelligence (AI). These technologies are designed to give students rapid, personalized training or feedback under certain teaching approaches (Akyuz, 2020). The terms "intelligent tutor," "intelligent tutoring system," and "intelligent agent" are commonly used in ITS research (Marouf et al., 2024; Gadde & Kalli, 2020). The functions of ITS applications, as studied in the 41 articles within the sample, can be categorized into three primary types: learner status diagnosis and adaptive feedback provision (n = 27), adaptive test and exercise provision (n = 8), and adaptive learning content recommendation (n = 6).
	Similar to a human instructor, ITS can track and diagnose students' learning progress and offer tailored advice and comments. For example, "ZOSMAT," a mathematics tutoring system that monitors a student's learning path and provides tailored advice depending on performance, was evaluated by Bağiran (2024). By utilizing AI technology, teachers may offer targeted assistance to students who are struggling, thereby attaining precision instruction (Lin & Lai, 2021). Furthermore, ITS can offer activities that complement students' cognitive capacities. Because of its many benefits and adaptability, ITS is used in a variety of settings. These include medical advice (Fazlollahi et al., 2022), sports training (Liu et al., 2021), mathematics, chemistry (Spitzer & Moeller, 2023), and even instruction in animation design (Tang et al., 2022). These varied applications demonstrate how ITS improves educational opportunities in a variety of fields. 

Adaptive hypermedia learning systems. Adaptive hypermedia learning systems (AHLS) prioritize meeting the needs and preferences of learners by customizing hypermedia-enabled presentations and navigation assistance for each student. Students are positioned at the center of the learning environment using this method. AHLS functions explored in the 16 articles from our sample can be categorized into three primary types: learning style detection or analysis (n = 8), adaptive presentation (n = 3), and adaptive path navigation support (n = 5).
Variations of students' learning styles include field-dependent or autonomous learning, reflective or active learning, and intuitive or sensitive learning (Ikram et al., 2024). Classification techniques such as Bayesian networks (Zhang et al., 2020), neural networks (Sarker, 2021), and decision trees (Charbuty & Abdulazeez, 2021) are commonly used in applications that concentrate on learning style identification or analysis. Within an e-learning system, these algorithms assess and determine the learning preferences of students, allowing for adaptive modifications to the way information is presented based on personal preferences. 
In order to help students find learning resources more quickly or suggest the best learning paths, AHLS also provides them with direction and navigation support. These routes can provide remedial pathways for corrected learning (Alam, 2022) or follow the first intended learning path (Xu et al., 2023). Students are better equipped to handle their educational experiences because to this flexibility.

3.1.2. Intelligent Assessment and Management Applications

It can be difficult for teachers to monitor and document their students' learning progress and to provide timely evaluation, especially in a big class environment. Applications for intelligent assessment and management have been created to solve these issues by providing assistance for resource management and collaborative learning, as well as automatic grading and evaluation features. Thus, learning management systems and intelligent assessment systems are the two main categories into which these applications may be divided.
Intelligent assessment systems. AI technologies are used by intelligent assessment systems (IAS) to carry out evaluation activities in educational settings with a high degree of efficiency and accuracy. They provide educators and students with insightful feedback. Their functions discussed in the 19 articles within our sample can be categorized into three primary types: assessing students’ learning abilities and behaviors (n = 9), automatic grading (n = 7), and teaching evaluation (n = 3).
There are several components to the student evaluation function, such as measuring students' knowledge levels (Cheng et al., 2022), evaluating their learning attitudes (Wang et al., 2024), and analyzing their general skills (Niu, 2022). Students can improve their learning outcomes by modifying their learning practices with the help of student assessment. Additionally, it can help teachers adapt their teaching strategies to the abilities of their pupils. With the increasing popularity of activities like oral training and very creative writing, the automatic grading feature is rapidly changing. Jegede (2024), for example, used AI-based digital automated scoring technologies to give learners instant feedback by providing real-time scores and pronunciation fixes. Wilson et al. (2021) examined MI Write, an automated writing assessment tool that evaluates students' writing on six different levels, such as style, critical thinking development, and other individual characteristics. 
	Learning management systems. Tasks including providing students with learning materials, monitoring and improving student interactions, and expediting course administration procedures are all made possible by learning management systems (LMS) (Sahin & Yurdugül, 2022). The duties of school administrators are also supported by some LMS platforms. As a central administration platform, LMS aggregates large amounts of activity data and acts as a center for administrators, teachers, and students. AI is being used into LMS design more and more to allow for intelligent and flexible administration of teaching and learning activities. Three main categories may be used to classify the LMS functions examined in the 20 publications in the sample: collaborative learning support (n = 5), classroom and exam management (n = 8), and information and resource management (n = 7).
There are two different forms of collaborative learning support functions in LMS: supporting remote group conversations and encouraging collaborative authoring through document visualization (Munna et al., 2024). Teachers may designate roles for students in remote group discussions, keep an eye on their involvement and teamwork, and get notifications when there are student disagreements so they can intervene quickly (Simelane-Mnisi, 2023). In order to improve classroom instruction, the classroom and test management function depends on the integration of many technologies. This includes functions like the ability to automatically determine how attentive and focused pupils are in class (Chiu & Tseng, 2021). Instructors may manage course content, propose online courses to students, and share educational resources with students thanks to the information and resource management feature. According to recent research, virtual assistants may be integrated into learning management systems (LMS) to help students navigate course materials and provide reminders about different course activities that are maintained in the LMS calendar (Wang & Park, 2021).

3.1.3. Profiling and Prediction Applications

To identify learner characteristics, forecast learning outcomes, give learners more control over their education, and help educators identify and support at-risk students, AIED applications that are centered on profiling and prediction use educational data mining and learning analytics (Lopez-Zambrano et al., 2021). The roles of profiling and prediction applications in the 23 pertinent papers in the sample may be divided into four categories based on their predictive goals: failure and dropout warning (n = 8), academic achievement prediction (n = 6), learning analysis and learner modeling (n = 5), and course arrangement and teaching performance (n = 4).
Learner models, which collect and evaluate behavioral data from students to provide efficient cognitive and managerial assistance, are the foundation of many profiling and prediction applications. Some of the methods used to build learner models and provide performance predictions—which are often quantitative in nature—include support vector machines, decision trees, neural networks, and naive Bayes models (Winkler et al., 2021). In addition to providing prediction results, AI applications that help course instructors identify student types early in the course so they may offer more effective learning support were covered by Nabizadeh et al. (2022).

3.1.4. Emerging products

Apart from the above listed types of AI applications, a number of new products that significantly rely on AI have been examined and debated. Two main subcategories are highlighted in the literature: (1) educational robots, and (2) applications for virtual reality (VR) and augmented reality (AR). Particularly in the context of online education, these new applications improve the communication between students and learning settings or resources (Du et al., 2023).
Educational robots. Chatbots are at the center of the literature's exploration of educational robots. A chatbot is a piece of software that uses natural language processing and artificial intelligence to communicate with a human user via voice or text (Perez et al., 2020). The application of chatbots in education differs based on the capabilities of AI technology and the unique learning needs of various scenarios. According to Zarris and Sozos (2023), educational chatbots now fulfill four main purposes: (a) classroom instruction, (b) peer assistance, (c) emotional connection-fostering companionship, and (d) telepresence robot instruction. For example, a game-based intelligent robot intended to teach Chinese idioms was studied by Chen et al. (2021). This robot stimulates children's interest in studying material using sound effects and captivating images. Additionally, educational robots promote learner autonomy through individualized approaches by acting as conversational agents for language conversation exercises (Zhang & Han, 2021) or participating in book discussions with students (Liu et al., 2022). Three main benefits of incorporating chatbots into education were found in research assessing their efficacy and instructional functions: improved student engagement, more student feedback, and user-friendliness (Vazquez-Cano et al., 2021). Even while chatbots can have positive impacts, some research indicates that it can still be difficult to sustain students' long-term interests and engagement (Hew et al., 2023).
VR and AR. VR and AR are cutting-edge immersive technologies that seamlessly incorporate the virtual world and the real world in real-time, offering users experiences that the physical world alone cannot provide. Of these technologies, AR has gained significant popularity in educational con texts. Out of the 8 relevant articles in our sample, 5 focused on AR applications in education. For example, Chen et al. (2022) suggested a method for educating children's digital art skills that uses AI-assisted learning to recognize contours, match colors, and calculate color ratios. By viewing AR artworks using smart glasses, students can develop their creativity and painting skills. The impact of AR-enabled AI of Things (AIoT) learning on teaching computational thinking skills was investigated by Lin et al. (2021), who came to the conclusion that AIoT learning can boost students' motivation to learn and improve their understanding and problem-solving abilities. In addition, four articles in our sample explored VR applications in various educational contexts, including art education (Rong et al., 2022) and 360-degree content presentation (Kim et al., 2022). The findings from these studies confirm that AI-supported virtual learning modes are engaging and appealing to students.

3.2. Research Topics

Four main categories of research topics have been identified within the sample of AIED studies: system and application design, adoption and acceptance of AIED, impacts of AIED, and challenges of AIED. Fig. 3b illustrates the distribution of these research topics. System and application design emerges as the most frequently studied topic, accounting for 54 % of the sample, followed by Adoption and acceptance of AIED at 26%. Impacts of AIED represent a small proportion at 15%, while challenges of AIED make up 5% of the sample.

3.2.1. System and Application Design

	This area of study focuses on creating intelligent systems for learning analytics and assistance, as well as AI processes, analytical models, or frameworks. A number of research focus on developing and evaluating different machine learning processes for analyzing and forecasting students' performance, learning styles, and learning behavior (Waheed et al., 2020). Additional research focuses on the creation and evaluation of AI-based teaching support systems and related products, including trainer systems (Liu et al., 2021), interactive intelligent physics teaching systems (Kortemeyer, 2023), and cloud collaborative writing assistance tools (Li & Mak, 2022). Since the discipline of AIED is based on the creation and validation of AI models, frameworks, or systems, this constitutes the broadest group of research subjects.

3.2.2. Adoption and acceptance of Artificial Intelligence in Education 

	This area of study examines the variables that affect both teachers' and students' acceptance and adoption of AIED applications. According to Naveed et al. (2021), instructors' perceived trust, experience, compatibility, and relative advantage all influence their readiness to use ITS. According to reports, the main factors influencing adoption from the learner's point of view include perceived utility, perceived simplicity of use, technological infrastructure structure, system quality, service quality, and content quality (Chugh et al., 2023).

3.2.3. Impacts of Artificial Intelligence in Education

	This line of inquiry examines how AIED applications affect academic achievement, emotional perception, learning behavior, and learning capacity, among other facets of learning. Numerous studies have demonstrated how AI technology significantly improves pupils' academic performance. Evaluation-centered e-learning systems, for instance, were successful in improving students' academic performance and clearing up misconceptions, particularly for those with little prior knowledge, according to study by Okegbemiro (2021). Additionally, because of these applications, students have shown positive views regarding the integration of AI into education, indicating greater focus (Rong et al., 2022) and increased enthusiasm in studying (Liu et al., 2022).

3.2.4. Challenges of Artificial Intelligence in Education

	While examining the present issues and challenges in AIED, this research stream places an emphasis on a fair, social-technical perspective. This category contains a large number of articles that discuss different topics related to the evolution of AIEDs. For instance, Maghsudi et al. (2021) highlighted problems with AIED development that are social (like learning systems and diversity and fairness of procedures), personal (like lifelong learning, assessment and evaluation, incentives, and motivations), and technical (like content production and recommendation). The challenges of implementing deep learning in the classroom, including problems with data quality, the reductionist nature of deep learning-based applications, and the integration of pedagogical experience into application growth, were the focus of Perrotta and Selwyn (2020). To develop effective AIED applications, Asif et al.

3.3. Research Designs in Artificial Intelligence in Education

3.3.1. Research Methods

Six research methods are coded, including descriptive analysis (i.e., with simple illustrative examples; 32%), survey research (25%), qualitative studies (20%), experimental studies (11%), statistical analysis (including econometric analysis and machine learning model training; 7%), and mixed methods (5%). Their occurrence distribution is illustrated in Fig. 3c. Among these methods, descriptive analysis is the most frequently used and mixed method is less used.

3.3.2. Guiding Theories

The AIED literature draws upon a diverse set of theories from various fields to inform its research and development. Table 2 summarizes a total of 55 theories coded in the subsample of 127 articles. These theories originate from the fields of education (20), psychology (17), mathematics (6), psychometrics (4), sociology (4), design science (3), and communication (1). The AIED field heavily builds upon psychology and education theories for research development. Among these theories, the most applied in the literature are constructivist learning theory (8), learning style theory (7), cognitive theories of learning (7), and item response theory (5). 

Table 3. Guiding Theories
	Category
	Theories
	Count

	Education
	Constructivist learning theory 
Learning style theory 
Cognitive theories of learning 
The theory of multimedia learning 
Self-regulated learning theory 
Bloom’s taxonomy of cognitive domain 
Kolb’s experiential learning 
Learning-by-doing theory 
Reinforcement learning theory 
Scaffolding theory 
Situational learning theory 
Zone of proximal development theory
	8
7
7
3
2
2
1
1
1
1
1
1

	Psychology
	Achievement goal theory 
Activity theory 
Cognitive load theory
Self-determination theory 
Meta-cognition theory 
The self-efficacy theory 
Multiple intelligences theory 
Social learning theory 
Sociocultural theory 
The investment theory of creativity 
The personal construct theory 
The schema theory 
The systems model of creativity 
Theory of reasoned action
	3
2
2
2
2
2
1
1
1
1
1
1
1
1

	Mathematics
	Game theory 
The knowledge space theory 
Fuzzy logic theory 
Fuzzy set theory 
Graph theory
	2
2
1
1
1

	Psychometrics
	Item response theory 
Classical testing theories
	5
2

	Sociology
	Discourse theory 
Innovation diffusion theory
	2
2

	Design Science
	Affordance theory
Structure-behavior-function theory
	2
1

	Communication
	The dialogue theory for critical thinking
	1



These theories are reviewed in the following. Constructivist learning theory emphasizes how students actively shape their understanding of the world via firsthand experiences and reflective activities, viewing learning as an active process of knowledge creation (Chuang, 2021). This idea can help us understand how AI-simulated or AI-enabled learning works. For example, Winkler et al. (2021) used the constructivist learning paradigm to examine whether students' interactions with smart personal assistants that use scaffolding enable them to internalize and use problem-solving techniques on their own. Similarly, Rong et al. (2022) use reinforcement learning theory and constructivist learning theory to explain how AI and VR technologies affect students' creativity and focus.
Learning style theory highlights the importance of people's learning preferences and styles, which influence how they take in, process, and remember new knowledge and abilities (Dantas & Cunha, 2020). This theory covers a broad range of ideas and models meant to clarify the differences in learners' learning preferences. The creation of adaptable learning systems is especially relevant to learning style theory. For example, Wanniarachchi and Premadasa (2024) used Felder and Silverman's learning style model to determine the learning styles of students in online courses, and Inan et al. (2021) used the VAK learning style model to customize learning materials within an intelligent and adaptive individualized e-learning environment called UZWEB MAT.
Cognitive theories of learning explain how students behave by looking at their mental processes. The cognitive components of creativity, for instance, are addressed by the Mednick theory of creativity, which holds that an individual's capacity to combine different components or concepts in fresh and creative ways is the source of creativity (Vitrano et al., 2021). The four phases of building a mental model of the world are sensorimotor, preoperational, concrete operational, and formal operational, according to Piaget's theory of cognitive development, another well-known example (Pakpahan & Saragih, 2022). Cognitive theories are frequently used as the basis for ITS research and other related studies in the field of AIED (Akyuz, 2020; Gadde & Kalli, 2020).
A psychometric method for creating, assessing, refining, and scoring multi-item scales is item response theory (Uto & Okano, 2021), and it emerges from psychometric research. According to how students respond to observable objects, including test items (Zhang et al., 2023), which are frequently used in AIED applications (Marouf et al., 2024), it offers a framework for evaluating students' skills, dispositions, or intangible traits. These evaluations of students' learning proficiency are crucial for the creation of systems such as adaptive learning systems (Sarker, 2021), intelligent assessment systems (Niu, 2022), and personalized education (Maghsudi et al., 2021).
In summary, the multidisciplinary nature of AIED research is reflected in the broad range of theories that are used. This variety in theoretical application reflects the complexity of AIED research and its changing subject matter. Additionally, there are different levels of theoretical application in the literature. As shown in Fig. 3d, while 24% of articles use theories only marginally (e.g., referencing theories without much elaboration or in the explanations of the research results), roughly 19% of articles use one or more primary theories to systematically guide the research design (e.g., developing research framework or hypotheses). Theories are not discussed in detail in the remaining articles (57%) either.

3.3.3. Research Contexts

The stages of the educational process that AIED research covers for use contexts include general education (without mentioning a specific level), K12 education, preschool education, and higher education. Fig. 3e shows the distribution of these educational phases throughout the 127 studies. Higher education accounts for around half of the research (46%) and is followed by K12 education (31%) and general education (20%). The least amount of emphasis is paid to preschool education (3%). This disparity may result from the belief that preschool education needs more human care and attention, whereas AI-supported education is more appropriate for adult learners who are more independent and self-regulated. There are also a lot of prospects for AIED research.

4. Discussion

The findings reveal four principal types of AI applications in education, with adaptive learning and personalized tutoring applications dominating the field at 45% of the reviewed papers. The prevalence of these applications, particularly Intelligent Tutoring Systems (ITS) and Adaptive Hypermedia Learning Systems (AHLS), demonstrates the education sector's strong emphasis on personalization and learner-centered approaches. These systems employ sophisticated AI techniques, from rule-based expert systems to neural networks, enabling customized learning experiences based on individual student characteristics and preferences.
The second largest category, intelligent assessment and management applications (31%), reflects the growing need for automated evaluation and administrative support in educational settings. The development of Intelligent Assessment Systems (IAS) and Learning Management Systems (LMS) addresses challenges in monitoring student progress, providing timely feedback, and managing educational resources, particularly in large-class environments. The integration of AI into these systems has enhanced their capability to support collaborative learning, automate grading processes, and facilitate efficient resource management.
Profiling and prediction applications (18%) and emerging technologies (6%) represent the remaining categories, with the former focusing on educational data mining and learning analytics for predicting student outcomes and recognizing at-risk learners. The emergence of educational robots, particularly chatbots, and virtual/augmented reality applications, though representing a smaller proportion, indicates promising directions for future educational technology development, especially in online learning environments.

	Meanwhile, the analysis of research topics reveals a strong focus on system and application design, comprising 54% of the studied sample. This predominance suggests that the field is still in a developmental phase, with significant attention directed toward creating and validating AI algorithms, analytical models, and frameworks for educational applications.
The adoption and acceptance of AIED (26%) emerges as the second most studied topic, highlighting the importance of understanding factors that influence the implementation of AI technologies in educational settings. Research findings indicate that perceived trust, experience, compatibility, and relative advantage significantly influence educators' willingness to adopt these technologies, while students' acceptance is largely determined by perceived utility, ease of use, and system quality.
The relatively lower proportion of research on AIED impacts (15%) and challenges (5%) suggests a need for more comprehensive studies in these areas. While existing research demonstrates positive effects on academic performance and student engagement, there is a growing acknowledgment of the importance of addressing technical, personal, and social challenges in AIED development, particularly through inter-stakeholder collaborations involving academics, educators, and AI developers.

	The analysis of research methods in AIED studies reveals a predominance of descriptive analysis (32%) and survey research (25%), followed by qualitative studies (20%). The relatively lower representation of experimental studies (11%), statistical analysis (7%), and mixed methods (5%) suggests a need for more rigorous empirical research designs in the field. This methodological distribution indicates that while AIED research has established a strong foundation in descriptive and exploratory studies, there is room for more sophisticated research approaches that could provide stronger evidence of effectiveness and causality.
The theoretical underpinnings of AIED research demonstrate its multidisciplinary nature, drawing from diverse fields including education, psychology, mathematics, psychometrics, sociology, design science, and communication. Education and psychology theories dominate the theoretical landscape, with constructivist learning theory, learning style theory, and cognitive theories of learning being the most frequently applied frameworks. However, the finding that 57% of articles do not discuss theories in detail, and only 19% use theories systematically to guide research design, suggests a concerning gap between theoretical foundations and practical applications in AIED research.
Regarding research contexts, the strong focus on higher education (46%) and K12 education (31%) reflects the current priorities in AIED implementation. The limited attention to preschool education (3%) highlights a significant gap in early childhood education research, possibly due to the perceived need for more human interaction at this level. This distribution pattern suggests that while AIED has made significant inroads into post-elementary education, there remains substantial opportunity for expansion into early childhood education, particularly in developing AI applications that can appropriately support young learners' developmental needs while maintaining necessary human interaction elements.

5. Conclusion

This systematic review has provided comprehensive insights into the landscape of artificial intelligence in education, revealing the predominance of adaptive learning and personalized tutoring applications, followed by intelligent assessment and management systems, profiling and prediction tools, and emerging technologies. The analysis of research topics demonstrates a strong emphasis on system design and development, while highlighting opportunities for deeper investigation into AIED impacts and challenges. The methodological review suggests a need for more diverse and rigorous research approaches, particularly in experimental and mixed-methods studies. The theoretical foundations, though diverse, indicate a need for stronger theoretical grounding in future research. The examination of research contexts reveals an emphasis on higher and K12 education, identifying significant opportunities in early childhood education. These findings point to several crucial directions for future AIED research: incorporating emerging AI technologies, strengthening research in underrepresented educational contexts, enhancing methodological rigor, deepening theoretical contributions, and fostering interdisciplinary collaboration to advance both the theoretical understanding and practical applications of AI in education.
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