
IA en la educación: una revisión sistemática de la literatura sobre tendencias 
emergentes, beneficios y desafíos

Seminars in Medical Writing and Education. 2025; 4:795
doi: 10.56294/mw2025795

SYSTEMATIC REVIEW

AI in Education: A Systematic Literature Review of Emerging Trends, Benefits, and 
Challenges

John Jr. G. Adil1
  

ABSTRACT

Introduction: artificial intelligence (AI) is reshaping education by enabling personalized learning, improving 
instructional practices, and automating academic and administrative tasks. Despite its accelerating adoption, 
evidence on AI’s effectiveness, challenges, and broader implications remains fragmented across technologies, 
contexts, and outcomes.
Method: this study conducted a systematic literature review of peer-reviewed publications from January 
2020 to August 2024, following PRISMA 2020 guidelines. Searches across Scopus, Web of Science, IEEE Xplore, 
ScienceDirect, SpringerLink, ERIC, and the first 100 Google Scholar results were screened, appraised, and 
synthesized thematically. Thirty-nine studies meeting the inclusion criteria were analyzed.
Results: the synthesis revealed emerging trends in AI applications spanning special education, K–12 schooling, 
higher education, vocational training, and language learning. Reported benefits included personalized learning 
pathways, improved pedagogy and assessment, enhanced feedback mechanisms, reduced administrative 
workload, and increasing emphasis on AI literacy for both educators and students. Persistent challenges 
involved infrastructural limitations, inadequate teacher training, algorithmic bias, ethical and data-privacy 
concerns, and inequities in access. Notable research gaps included a shortage of classroom-based empirical 
evidence, limited ethical frameworks, underrepresentation of marginalized populations, and insufficient 
strategies for AI literacy development.
Conclusions: AI holds transformative potential to enrich teaching, learning, and educational equity. 
Realizing this promise requires targeted investments in infrastructure and teacher professional development, 
integration of AI literacy into curricula, and the establishment of robust ethical and governance frameworks. 
Expanding empirical research—particularly in underrepresented contexts—will be critical to ensuring AI’s 
responsible and inclusive integration into education.

Keywords: Artificial Intelligence; Education; Systematic Literature Review; Student Learning; Academic 
Tasks; AI Literacy; Educational Technology; Ethics.

RESUMEN

Introducción: la inteligencia artificial (IA) está transformando la educación al permitir el aprendizaje 
personalizado, mejorar las prácticas docentes y automatizar las tareas académicas y administrativas. A pesar 
de su creciente adopción, la evidencia sobre la eficacia, los desafíos y las implicaciones más amplias de la IA 
sigue estando fragmentada según las tecnologías, los contextos y los resultados.
Método: este estudio realizó una revisión sistemática de la literatura de publicaciones arbitradas entre enero
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de 2020 y agosto de 2024, siguiendo las directrices PRISMA 2020. Se examinaron, evaluaron y sintetizaron 
temáticamente las búsquedas en Scopus, Web of Science, IEEE Xplore, ScienceDirect, SpringerLink, ERIC y los 
primeros 100 resultados de Google Académico. Se analizaron 39 estudios que cumplían los criterios de inclusión.
Resultados: la síntesis reveló tendencias emergentes en aplicaciones de IA que abarcan la educación 
especial, la educación primaria y secundaria, la educación superior, la formación profesional y el aprendizaje 
de idiomas. Los beneficios reportados incluyeron itinerarios de aprendizaje personalizados, mejoras 
en la pedagogía y la evaluación, mecanismos de retroalimentación optimizados, reducción de la carga 
administrativa y un mayor énfasis en la alfabetización en IA tanto para educadores como para estudiantes. 
Los desafíos persistentes incluyeron limitaciones de infraestructura, capacitación docente inadecuada, sesgo 
algorítmico, preocupaciones éticas y de privacidad de datos, y desigualdades en el acceso. Las brechas 
de investigación notables incluyeron la escasez de evidencia empírica basada en el aula, marcos éticos 
limitados, la subrepresentación de poblaciones marginadas y estrategias insuficientes para el desarrollo de la 
alfabetización en IA.
Conclusiones: la IA tiene un potencial transformador para enriquecer la enseñanza, el aprendizaje y la equidad 
educativa. Hacer realidad esta promesa requiere inversiones específicas en infraestructura y desarrollo 
profesional docente, la integración de la alfabetización en IA en los planes de estudio y el establecimiento 
de marcos éticos y de gobernanza sólidos. Ampliar la investigación empírica, especialmente en contextos 
subrepresentados, será fundamental para garantizar la integración responsable e inclusiva de la IA en la 
educación.

Palabras clave: Inteligencia Artificial; Educación; Revisión sistemática de la Literatura; Aprendizaje 
Estudiantil; Tareas Académicas; Alfabetización en IA; Tecnología Educativa; Ética.

INTRODUCTION
Artificial intelligence (AI) has emerged as a transformative force across multiple industries, reshaping 

operational systems, enhancing efficiency, and driving innovation. In academia, AI tools such as natural 
language processing systems (e.g., ChatGPT) have increasingly been used to facilitate user interaction and 
even assist in scholarly writing, sparking ongoing debates about their ethical implications in research and 
publishing.(1) Beyond the academic sphere, AI applications in transportation have optimized logistics and traffic 
management, significantly improving urban mobility and safety.(2,3) In healthcare, AI has supported predictive 
diagnostics, personalized medicine, and treatment planning, revolutionizing patient care and outcomes.(4,5) 

Creative industries have also benefited from AI’s capacity to collaborate in generating narratives and multimedia 
content.(6) These developments underscore AI’s potential to redefine paradigms across sectors while highlighting 
the importance of AI literacy, public trust, and ethical governance for its responsible adoption.(7)

In the educational context, AI is increasingly recognized as a catalyst for transforming teaching, learning, 
and academic practices. Intelligent tutoring systems, adaptive learning platforms, and chatbots have provided 
personalized learning pathways tailored to students’ needs, enhancing engagement, comprehension, and 
academic performance.(8,9) AI-powered study partners and feedback systems reflect a shift from standardized 
instruction toward customized learning experiences that accommodate diverse learning styles. Furthermore, 
embedding AI literacy in curricula has been shown to prepare students with critical digital and problem-solving 
skills essential for the 21st-century workforce.(10,11) Educators have also leveraged AI to streamline administrative 
tasks such as grading and scheduling, freeing time for direct instructional interaction and promoting student-
centered pedagogies.(12,13) These advances suggest that AI is no longer an auxiliary tool but a transformative 
agent in shaping the student learning experience.

The integration of AI in education has offered notable benefits that strengthen teaching and learning 
processes. AI-driven systems have facilitated adaptive assessments, real-time feedback, and data-informed 
instructional strategies that improved learning outcomes and retention.(14-16) By automating routine tasks, AI 
has reduced teacher workload, enabling more meaningful teacher–student interactions and fostering deeper 
learning opportunities.(17,18) Additionally, AI platforms have promoted collaborative and interactive learning 
environments, nurturing creativity, critical thinking, and problem-solving skills—competencies indispensable 
in a knowledge-driven society.(19)

Despite these opportunities, several challenges and concerns complicate AI’s adoption in education. In 
many developing contexts, inadequate infrastructure and inequitable access have limited the reach of AI-
enhanced learning.(20,21) Teachers have expressed apprehension about being replaced by AI systems, raising 
fears of job displacement and the erosion of human interaction in pedagogy.(22,23) Ethical considerations have 
also emerged, including data privacy, algorithmic bias, and accountability in AI-driven decision-making.(24-26) 

Moreover, insufficient AI knowledge among educators may hinder the effective integration of these technologies 
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into classroom practice.(27) These issues highlight the urgent need for governance frameworks, teacher training, 
and policy guidelines to ensure that AI adoption supports inclusive and responsible educational practices.

Given this context, scholarly discourse on AI in education is rapidly expanding, yet the literature remains 
fragmented across technologies, contexts, and outcomes. While numerous studies have examined specific 
applications of AI, there is a lack of comprehensive synthesis mapping emerging trends, documented benefits, 
and persisting challenges in relation to student learning and academic tasks. Understanding not only what AI can 
do but also how it influences pedagogy, equity, and the broader learning ecosystem is critical. Accordingly, this 
study aims to address this gap by conducting a systematic literature review to synthesize existing research on 
AI in education, identify key trends and reported benefits, analyze associated challenges and ethical concerns, 
and highlight directions for future inquiry.

METHOD
Research Design

This study employed a Systematic Literature Review (SLR) to synthesize existing research on the use of 
Artificial Intelligence (AI) in education. An SLR was selected because it provides a structured, transparent, and 
replicable approach for identifying, evaluating, and synthesizing scholarly works across diverse contexts. To 
ensure rigor, the review adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA 2020) guidelines, which offer a comprehensive framework for study selection and reporting. This 
research design enabled the study to capture both the breadth of existing literature and the depth of insights 
regarding emerging trends, benefits, and challenges of AI in education.

Scope of the Review
The review focused on literature published within the last five years, specifically from January 2020 to 

August 2024, to capture the most recent developments in AI and its rapidly evolving impact on education. This 
time frame was selected because AI technologies and educational practices have advanced rapidly in the post-
pandemic period, making older studies less representative of current trends and challenges.

The scope was limited to studies discussing the integration of AI across diverse educational contexts, 
defined here as K–12 schooling, higher education (colleges and universities), vocational training programs, 
and corporate or professional learning environments. This definition ensures coverage of both formal and non-
formal educational settings where AI applications influence teaching and learning.

Particular attention was given to emerging trends, reported benefits for student learning and academic task 
performance, and the challenges or ethical implications of AI adoption. Only peer-reviewed journal articles, 
conference proceedings, and book chapters were included, while non-peer-reviewed sources—such as blogs, 
reports, and unpublished theses—were excluded to ensure reliability and credibility.

Eligibility Criteria
Eligibility of studies was determined based on clear inclusion and exclusion criteria. Studies were included 

if they were published between 2020 and 2024, written in English, focused on the use of AI in education, 
and addressed at least one of the following dimensions: emerging trends, benefits, or challenges. Studies 
were excluded if they did not fall within the educational domain, were published before 2020, were written 
in languages other than English, or were categorized as opinion pieces, editorials, or commentaries lacking 
empirical or theoretical grounding. These criteria ensured that only relevant and methodologically sound 
studies were analyzed in the review.

Search Strategy
A comprehensive search was conducted across major academic databases, including Scopus, Web of Science 

(WoS), IEEE Xplore, ScienceDirect, SpringerLink, and ERIC (Education Resources Information Center). Additionally, 
Google Scholar was used to supplement coverage and identify potentially overlooked studies. To minimize 
bias and ensure replicability, only the first 100 Google Scholar results sorted by relevance were screened, as 
prior research indicates that relevant studies rarely appear beyond this range. Forward and backward citation 
chasing was performed on key articles identified through Google Scholar to capture influential works that might 
not have been indexed by the primary databases. The search strategy employed Boolean operators and keyword 
combinations such as: (“Artificial Intelligence” OR “AI”) AND (“education” OR “learning” OR “academic tasks”) 
AND (“benefits” OR “challenges” OR “trends”). Filters were applied to restrict results to English-language 
publications released between 2020 and 2024. This multi-database approach ensured comprehensive yet 
focused retrieval of relevant studies for review.

Study Selection Process
Figure 1 presents the PRISMA 2020 flow diagram, which outlines the systematic process followed in identifying, 
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screening, and selecting the studies included in this review. At the identification stage, a total of 222 records 
were retrieved from databases such as Scopus, Web of Science, IEEE Xplore, ScienceDirect, SpringerLink, ERIC, 
and Google Scholar, ensuring wide coverage across education and technology research. After the removal of 20 
duplicate records, the pool was further refined by excluding 42 non–peer-reviewed journal articles to maintain 
a focus on peer-reviewed, high-quality sources.

During screening, 160 peer-reviewed articles were retained, while 55 non-open-access articles were 
discarded. From these, 105 accessible articles remained after 25 were removed based on title irrelevance. 
Following title screening, 80 articles advanced to abstract and content evaluation. During this stage, 29 
articles were discarded after abstract review, and an additional 12 were excluded after full-text evaluation for 
insufficient relevance.

At the eligibility stage, the remaining full-text articles were evaluated thoroughly against the inclusion and 
exclusion criteria established in the methodology. Additional eligible records identified through forward and 
backward citation chasing were also included. This process culminated in the inclusion of 39 studies that met 
all criteria and were synthesized in the Results and Discussion sections.

Overall, Figure 1 illustrates the rigor and transparency of the selection process. By systematically narrowing 
the scope of articles through clearly defined stages and transparently documenting records that could not be 
retrieved, the review ensured that only the most relevant and methodologically sound studies were included. 
This careful process strengthens the reliability of the findings and provides a robust foundation for the 
conclusions drawn in this study.

Quality Assessment
The methodological quality of the included studies was appraised using established evaluation tools. 

Empirical studies were assessed with the Mixed Methods Appraisal Tool (MMAT), while review articles were 
evaluated using the Critical Appraisal Skills Programme (CASP) checklist. To ensure rigor and minimize bias, 
quality assessment was performed independently by two reviewers, with disagreements resolved through 
discussion until consensus was reached.

All 39 included studies met the minimum quality thresholds required for inclusion. However, variation 
in methodological rigor was observed. Thirty studies (77 %) scored highly across all MMAT or CASP criteria, 
demonstrating clear research questions, appropriate designs, and transparent data collection and analysis 
procedures. Nine studies (23 %) were identified as weaker in specific areas—most commonly incomplete 
reporting of sampling procedures or limited discussion of potential biases—but were retained because they still 
met overall inclusion standards and contributed valuable contextual insights.

A summary of the quality appraisal results is presented in table 1, highlighting the scores or ratings for each 
study across the key appraisal criteria. Reporting these findings provides critical context for interpreting the 
strength and reliability of the synthesized evidence.

Figure 1. PRISMA 2020 flow diagram for new systematic literature reviews
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Table 1. Quality Assessment of Included Studies Using MMAT and CASP
Study 
ID Authors (Year) Study 

Type
Appraisal 

Tool
Overall 
Rating* Key Strengths Key Weaknesses

S1 McMahon et al. Empirical MMAT High Clear research design; robust data 
collection None reported

S2 Marino et al. Empirical MMAT High UDL focus; strong sampling and analysis None reported

S3 Li et al. Empirical MMAT Moderate-High Relevant context; appropriate 
methodology

Limited discussion of 
bias

S4 Zhou et al. Empirical MMAT High Comprehensive analysis None reported

S5 Cueva et al. Empirical MMAT High Innovative context None reported

S6 Walter Review CASP High Comprehensive synthesis; clear 
inclusion criteria None reported

S7 Langeveldt Review CASP High Well-structured synthesis None reported

S8 Berg et al. Review CASP High Good coverage of trends None reported

S9 Eager et al. Review CASP High Broad contextual insights None reported

S10 Pan et al. Empirical MMAT Moderate-High Rich qualitative insights Limited discussion of 
bias

S11 Chen et al. Empirical MMAT High Strong methodological transparency None reported

S12 Selwyn et al Review CASP High Clear evaluation framework None reported

S13 Ifraheem et al. Empirical MMAT High Robust data and analysis None reported

S14 Wang et al. Empirical MMAT High Validated instruments; appropriate 
ethics review None reported

S15 Onesi-Ozigagun 
et al. Empirical MMAT Moderate-High Relevant findings Limited sampling 

discussion
S16 Zhou et al. Empirical MMAT High Clear objectives and analysis None reported

S17 Sun et al. Empirical MMAT High Detailed methodology None reported

S18 Alnasib Empirical MMAT High Strong contextual relevance None reported

S19 Almusaed et al. Review CASP High Well-structured synthesis None reported

S20 Luo Empirical MMAT Moderate-High Useful case insights Limited reporting of 
sampling

S21 Güneyli et al. Empirical MMAT High Comprehensive teacher awareness 
study None reported

S22 Pan et al. Empirical MMAT High Strong quantitative analysis None reported

S23 Ibrahim Empirical MMAT High Clear objectives; relevant findings None reported

S24 Nkedishu et al. Empirical MMAT Moderate-High Valuable administrative insights Limited bias discussion

S25 Chen et al. Review CASP High Broad literature coverage None reported

S26 Varma et al. Review CASP High Strong synthesis None reported

S27 Klímová et al. Review CASP Moderate-High Good ethical discussion Limited methodological 
clarity

S28 Akgün et al. Review CASP High Rigorous ethical focus None reported

S29 Ali Review CASP High Insightful medical education context None reported

S30 Bulathwela et 
al. Review CASP High Critical socio-technical analysis None reported

S31 Eden et al. Review CASP High Balanced ethical perspective None reported

S32 Tang Empirical MMAT Moderate-High Real-world case evidence Limited discussion of 
sampling

S33 Siminto et al. Empirical MMAT High Innovative management insights None reported

S34 Makarenko et 
al. Review CASP High Clear ethical and practical implications None reported

S35 Asirit et al. Empirical MMAT High Valuable regional perspective None reported

S36 Rapti Empirical MMAT Moderate-High Attention to special needs learners Limited bias discussion

S37 Moon et al. Empirical MMAT High Strong curriculum design evaluation None reported

S38 Holmes et al. Review CASP High Community-wide ethical framework None reported

S39 Zhou et al. Empirical MMAT High Comprehensive engagement analysis None reported
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Data Extraction and Analysis
Data from the included studies were systematically extracted using a standardized extraction sheet. To 

enhance rigor and consistency, the extraction sheet was first piloted on a subset of studies and subsequently 
refined based on reviewer feedback to ensure clarity and uniform interpretation of variables. Key information 
such as author(s), year of publication, country or region of study, educational context, type of AI application or 
tool examined, reported benefits, challenges, ethical considerations, and main findings was recorded.

Data extraction was independently performed by multiple reviewers, with discrepancies discussed and 
resolved through consensus to minimize bias and ensure accuracy. The extracted data were then organized 
into themes aligned with the study’s objectives—emerging trends, benefits, and challenges of AI in education. 
Thematic synthesis was employed to identify recurring patterns, unique insights, and knowledge gaps, enabling 
a comprehensive understanding of the role of AI in education during the past five years.

Ethical Considerations
As this study relied exclusively on previously published literature, it did not involve human participants and 

therefore did not require formal ethical approval. Nonetheless, the review maintained strict adherence to 
academic integrity by ensuring accurate citation and acknowledgment of all sources. This approach guaranteed 
that the work respected intellectual property rights while contributing responsibly to the academic discourse 
on AI in education.

RESULTS
Table 2 synthesizes the 39 studies reviewed between 2020 and 2025, detailing their thematic focus, data 

sources, and major contributions. Of these, 23 studies (59 %) examined AI applications primarily in higher 
education, 10 studies (26 %) focused on K–12 settings, and 6 studies (15 %) explored vocational training or 
corporate learning environments. Regarding benefits, 31 studies (79 %) reported measurable improvements in 
student engagement or learning outcomes, while 20 studies (51 %) identified enhanced teaching efficiency or 
instructional support. Barriers and ethical concerns were documented in 27 studies (69 %), with issues such as 
algorithmic bias, data privacy, unequal access, and transparency most frequently cited. Additionally, 17 studies 
(44 %) explicitly called for longitudinal or cross-context research to address unresolved gaps and validate AI’s 
long-term educational impact.

This tabular summary provides a comprehensive and quantitative view of how AI has been applied across 
diverse educational contexts and disciplines, clarifying both its demonstrated advantages for learning and 
teaching practices and the persistent challenges and research needs identified by the scholarly community.

Table 2. Summary of Emerging Trends, Benefits, Challenges, and Research Gaps in AI Applications in Education (2020–2024)

Theme Studies Examined Key Insights

Emerging Trends – Special 
Education

McMahon M, Firestone W. 2024.
Marino M, Vasquez E, Dieker L, 
Basham J, Blackorby J. 2023.

AI supports Universal Design for Learning (UDL) 
and Evidence-Based Practices (EBPs), providing 
personalized tutoring systems for learners with special 
needs and promoting educational equity.

Emerging Trends – Primary 
Education

Li X, Zhang Y, Padua A, Zhou B, Ma 
C, Li D. 2024.
Zhou B, Zhang Y, Li X. 2023.
Cueva P, Cuesta-Chávez R, 
Ramírez M, Pintado J. 2024.

AI is being integrated into primary education, 
particularly in ecological and sustainable education 
initiatives in China, where it enhances quality and 
equity through data-driven reform.

Emerging Trends – Higher Education Walter S. 2024.
Langeveldt P. 2024.
Berg A, Plessis J. 2023.
Eager D, Brunton C. 2023.

AI is transforming higher education by enabling 
generative AI tools for lesson planning and curriculum 
design, supporting critical thinking, creativity, and 
adaptive learning environments.

Emerging Trends – Language 
Learning & Writing

Pan H. 2024.
Chen L. 2023.
Selwyn N. 2022.
Ifraheem A, Rasheed S, Siddiqui 
K. 2024.

AI enhances language learning and writing instruction, 
offering tailored feedback, but raises concerns 
regarding academic integrity, ethical use, and potential 
overreliance.

Benefits – Personalized Learning Wang J, He Y, Wei F, Liu Q, Li Z, 
Liu S. 2023.
Onesi-Ozigagun O, Ololade B, 
Eyo-Udo K, Ogundipe T. 2024.

AI-powered tutoring and adaptive systems personalize 
learning pathways, diagnose knowledge gaps, and 
increase student engagement and comprehension.

Benefits – Improved Teaching 
Practices

Zhou Y, Peng X. 2025.
Sun M, Tian Q, Sun J, Fan L, Yang 
Z. 2024.

AI-guided instructional tools enhance pedagogy by 
providing real-time analytics, supporting differentiated 
instruction, and fostering more interactive classrooms.
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Benefits – Administrative Efficiency Alnasib H. 2023.
Almusaed A, Almssad A, Yitmen I, 
Homod R. 2023.

AI automates administrative tasks such as grading, 
scheduling, and attendance, reducing teacher workload 
and enabling more time for student interaction.

Benefits – Assessment & Feedback Wang J, He Y, Wei F, Liu Q, Li Z, 
Liu S. 2023.
Onesi-Ozigagun O, Ololade B, 
Eyo-Udo K, Ogundipe T. 2024.
Luo K. 2024.

AI-driven assessments provide nuanced evaluations, 
real-time feedback, and predictive analytics, allowing 
timely interventions for at-risk students.

Benefits – AI Literacy Güneyli A, Burgul S, Dericioğlu Z, 
Cenkova M, Becan A, Şimşek B, 
Güneralp H. 2024.
Pan H, Wang J. 2025.
Ibrahim F. 2024.

AI literacy for both educators and students is 
increasingly emphasized, fostering ethical, informed, 
and effective use of AI in teaching and learning.

Challenges – Infrastructure & 
Teacher Training

Nkedishu P, Vinella S. 2024.
Chen J, Chen L, Lin P. 2020.
Varma P, Fernando D, Ting S, 
Aamir M, Sivaprakasam R. 2023.

Limited infrastructure, insufficient teacher training, 
and resistance to change are major barriers to AI 
integration, especially in developing contexts.

Challenges – Ethical Concerns & 
Bias

Klímová B, Pikhart M, Kacetl J. 
2023.
Akgün E, Greenhow C. 2021.
Ali S. 2025.

AI algorithms risk perpetuating bias, lack transparency, 
and may compromise fairness, raising ethical concerns 
in student evaluation and support.

Challenges – Data Privacy & 
Security

Bulathwela S, Pérez-Ortiz M, 
Holloway J, Cukurova M, Shawe-
Taylor J. 2024.
Eden G, Chisom A, Adeniyi F. 2024.

AI systems collect sensitive student data, creating 
concerns about privacy, ownership, and surveillance, 
which may erode trust in educational institutions.

Research Gaps – Empirical Studies Tang X. 2023.
Siminto R, Akib M, Hasmirati N, 
Widianto L. 2023.

Many studies emphasize theoretical frameworks but 
lack empirical classroom evidence on AI’s real-world 
effects on learning outcomes and teaching practices.

Research Gaps – Ethical 
Frameworks

Makarenko O, Borysenko 
V, Horokhivska L, Kozub S, 
Yaremenko P. 2024.

Ethical concerns such as bias, transparency, and 
privacy are acknowledged, but concrete frameworks 
and strategies for responsible AI use are limited.

Research Gaps – Underrepresented 
Populations

Asirit D, Hua Z. 2023.
Rapti E. 2023.

Research has largely focused on higher education, 
with insufficient attention to primary, secondary, and 
marginalized learners, particularly in diverse socio-
economic contexts.

Research Gaps – AI Literacy 
Development

Moon J, Kim H, Kim S, Kim Y. 2024. There is limited research on effective strategies for 
AI literacy curriculum design and teacher training, 
despite its growing importance in education.

DISCUSSION
Emerging Trends in AI Applications in Education

The application of artificial intelligence (AI) in education has witnessed significant growth across multiple 
contexts and disciplines, driven by its capacity to personalize learning, enhance efficiency, and address 
educational disparities. This review synthesizes recent literature to highlight key emerging trends in AI 
applications within education.

One of the most notable trends is the integration of AI in special education, where it has the potential to 
strengthen teaching practices by emphasizing Universal Design for Learning (UDL) and evidence-based practices 
(EBPs).(28) While AI holds promise in this field, there remains a need for more comprehensive research on its 
long-term impact, underscoring the importance of further exploration into how AI can effectively support 
diverse learner needs.(28) Personalized tutoring systems designed for students with unique learning challenges 
further illustrate AI’s role as a transformative agent in promoting educational equity.(29)

In primary education, particularly in ecological civilization initiatives in China, AI has been applied as a 
vital tool for advancing educational reform. Studies suggest that AI can enhance instructional quality and 
promote equity, aligning with long-term sustainability and ecological education goals in developing regions.(30) 

These applications reflect global trends in which AI not only personalizes learning but also improves systematic 
educational processes through advanced data analytics and assessment systems.(31,32)

AI has also become increasingly significant in higher education, where its integration is vital for preparing 
students for technology-driven futures. Research indicates that AI strengthens innovative pedagogical approaches 
by supporting critical thinking, creativity, and problem-solving.(33,34) The incorporation of generative AI, such 
as large language models, into lesson planning and curriculum design provides opportunities for adaptive 
methodologies that address diverse student needs.(35,36)

The role of AI in language learning and writing instruction has demonstrated improvements in linguistic skills 
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while simultaneously raising concerns about academic integrity and proper usage.(37,38) Many students continue 
to lack awareness of ethical writing practices when using AI tools, creating challenges for educators tasked 
with embedding responsible usage in curricula.(37) Broader ethical concerns, such as the potential to exacerbate 
inequities and alter teacher–student dynamics, further emphasize the need for careful oversight in language 
education.(39,40)

The educational community has increasingly recognized the necessity of ethical frameworks and AI literacy 
to guide the responsible use of AI. Training programs are essential to equip educators with the knowledge and 
strategies to use AI responsibly, ensuring that these technologies enhance student engagement rather than 
diminish it.(33,34,41,42) The development of governance frameworks and AI literacy programs for both teachers and 
learners is a critical step toward fostering inclusive, equitable, and responsible AI integration in education.

Benefits of AI for Student Learning and Academic Practices
The integration of artificial intelligence (AI) in education offers several benefits that enhance student 

learning, academic task performance, and overall teaching practices. Various studies have demonstrated how 
AI applications contribute to these positive outcomes.

A significant advantage of AI is its capacity to personalize learning experiences. AI-powered systems adapt 
to individual learning styles and paces, fostering environments tailored to specific learner needs. Intelligent 
tutoring systems, for example, diagnose knowledge gaps and deliver customized feedback, thereby promoting 
higher engagement and improved academic performance.(43,44) By streamlining the learning process, these 
systems enhance both comprehension and retention of information.(44)

Research also highlights that AI integration supports teaching practices. Teachers who utilize AI-guided 
instructional tools are able to strengthen their pedagogical strategies, fostering interactive and engaging 
classrooms. AI-based educational technologies provide actionable insights through analytics, allowing educators 
to refine instructional approaches in real time and improve learning outcomes.(45) Such empowerment is crucial, 
as it influences classroom interaction, encourages active learning strategies, and facilitates differentiated 
instruction.(46)

AI further aids in managing administrative tasks, enabling teachers to dedicate more time to teaching. By 
automating processes such as grading, scheduling, and attendance tracking, AI reduces bureaucratic workload 
and allows educators to focus on developing creative lessons and engaging directly with students.(47) This 
shift fosters stronger teacher–student connections, positively affecting academic performance and classroom 
dynamics.(48)

AI-driven assessment tools also provide more nuanced evaluations of student performance. Automated 
systems can assess academic outputs and analyze behavioral data, offering insights into the factors that 
influence student success. These analytical approaches allow educators to design timely interventions for 
underperforming students, thereby increasing academic achievement.(43,44,49)

Finally, the importance of AI literacy among both educators and students has increasingly been recognized 
as vital for maximizing AI’s educational benefits. Training programs that strengthen practical skills and enhance 
familiarity with AI technologies can promote greater acceptance and effectiveness in educational use.(50,51) 

Educators who are well prepared and aware of AI’s capacities and limitations are better positioned to guide 
students effectively in technology-driven learning environments.(52)

In summary, the benefits of AI integration in education are manifold, encompassing personalized learning, 
improved teaching practices, reduced administrative burdens, enhanced assessment capabilities, and the 
development of AI literacy. Collectively, these advantages contribute to increased student engagement and 
academic performance, signifying a transformative era in educational practices.

Challenges, Limitations, and Ethical Concerns in AI Adoption
The integration of artificial intelligence (AI) in educational contexts presents numerous challenges, 

limitations, and ethical concerns that educators and administrators must address to maximize its potential 
benefits. This synthesis of current literature highlights key issues that complicate AI adoption in education.

A foremost challenge is the need for comprehensive infrastructure and sustained professional development 
for educators. Institutions often face significant hurdles in equipping teachers with the necessary skills and 
understanding to effectively leverage AI technologies in pedagogical settings. Studies have shown that substantial 
training and continuous support are critical for enabling educators to adapt to the complexities of AI and 
integrate it meaningfully into their teaching practices.(53,54) Resistance to change from traditional educational 
practices further inhibits the implementation of AI solutions.(53) This transition phase is frequently accompanied 
by limited technical support and a lack of clarity regarding best practices for AI use in classrooms.(54,55)

Ethical concerns regarding AI’s fairness are increasingly emphasized. Bias in AI algorithms poses a significant 
risk, as such systems may inadvertently reinforce existing inequalities or misdiagnose student needs, leading to 
inequitable opportunities.(56,57) The issue of transparency also arises, as stakeholders must be able to understand 
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how AI systems generate decisions that affect student learning and evaluation.(58,57) Recognizing and addressing 
these risks is essential for fostering trust and ensuring fairness across diverse educational environments.(56)

Another critical ethical concern relates to data privacy and security. AI applications often require the 
collection and processing of sensitive student data, which raises concerns about consent, ownership, and the 
potential misuse of information.(55) Inadequate data management practices can lead to violations of privacy 
regulations and erode student trust in educational institutions.(53,55) Furthermore, as AI technologies become more 
entrenched, the resulting surveillance and monitoring practices may disrupt power dynamics between students 
and AI systems, raising questions about autonomy and the ethical boundaries of data use in education.(59,60)

Addressing these challenges requires collaboration among educators, policymakers, technologists, and 
other stakeholders to establish robust ethical frameworks for AI integration. Such frameworks are necessary 
to ensure that AI adoption prioritizes student welfare and educational equity. Ethical guidelines must also 
consider cultural and contextual differences, particularly in multinational and multicultural settings, to ensure 
inclusive application.(61,60) Promoting algorithmic accountability and critical evaluation of AI’s role in educational 
decision-making can further mitigate ethical risks.(56,58)

Research Gaps and Future Directions in AI and Education
The current body of literature on artificial intelligence (AI) in education identifies several significant gaps 

and suggests directions for future research to strengthen understanding and implementation in this domain. 
Although research has proliferated in recent years regarding AI’s applications and implications, various areas 
still lack comprehensive investigation.

One prominent gap lies in the limited number of empirical studies examining AI’s implementation in real 
educational settings. Much of the existing literature focuses on theoretical frameworks or technological 
descriptions rather than documenting practical applications and measurable outcomes.(62) For example, while 
many studies highlight the potential of AI to enhance personalized learning and engagement, few present case 
studies or experimental evidence of its direct effects on student performance or teaching practices in authentic 
classroom contexts.(63) Future research should prioritize robust case studies and empirical investigations across 
diverse educational environments, including both traditional and online platforms.

Another gap relates to the insufficient exploration of ethical implications in the application of AI. While 
transparency, bias, and data privacy are often acknowledged, studies rarely propose concrete strategies for 
addressing these concerns in practice. Current research lacks actionable frameworks to mitigate risks associated 
with algorithmic bias and student data protection.(64,65) Future inquiries should focus on developing clear ethical 
guidelines and institutional policies to ensure responsible AI integration in education.

There is also a notable lack of research addressing the experiences of underrepresented populations in 
AI-enhanced education. Although an increasing number of studies have examined AI use in higher education, 
limited attention has been given to primary and secondary education or to diverse cultural and socio-economic 
contexts.(66) This gap highlights the need to explore how AI technologies affect learners from varying backgrounds, 
including marginalized groups and students with special needs.(67)

The development of AI literacy among educators and students remains another critical area requiring further 
investigation. While training programs for educators have been recognized as important, little research has 
addressed effective pedagogical strategies for embedding AI literacy into curricula.(68) Future studies should 
explore best practices for designing AI-focused educational programs that equip learners with both technical 
competencies and critical thinking skills related to AI.

Drawing from the findings of this review, several recommendations are proposed to guide the effective 
and ethical integration of Artificial Intelligence (AI) in education. At the practical level, governments and 
educational institutions should prioritize investment in robust digital infrastructure and equitable access, 
particularly in underserved and developing regions, to ensure that the benefits of AI are not limited to privileged 
contexts. Alongside this, comprehensive teacher training and professional development programs are essential 
to strengthen educators’ competencies in AI literacy, technical skills, and ethical awareness, enabling them 
to integrate AI tools meaningfully into their teaching practices. Embedding AI literacy into school curricula is 
also recommended, as it equips students with both technical knowledge and critical thinking skills required to 
navigate and engage with AI-driven environments responsibly. Furthermore, the development of ethical and 
governance frameworks should be prioritized to address concerns about bias, transparency, data privacy, and 
accountability, ensuring that AI applications safeguard student rights while fostering trust among stakeholders. 
Institutions are also encouraged to promote the responsible use of generative AI by providing clear guidelines on 
academic integrity and raising awareness about the ethical implications of AI-assisted learning and authorship.

At the research level, there is a pressing need for more empirical studies that investigate the real-world 
impacts of AI in classroom settings, particularly regarding its influence on student learning outcomes, teacher 
practices, and classroom dynamics. Researchers should also extend their focus to underrepresented populations 
and educational contexts, such as primary and secondary schools and marginalized communities, to ensure 
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equitable access to AI-enhanced education. Additionally, future research should concentrate on developing and 
testing practical ethical frameworks that can address issues of algorithmic bias, fairness, transparency, and 
data privacy in educational AI systems. Investigating effective approaches for AI literacy development among 
both students and educators is another critical area that warrants further exploration, as it will ensure the 
responsible and informed use of AI technologies. Finally, longitudinal studies are recommended to examine the 
long-term impacts of AI adoption in education, particularly its effects on student achievement, teacher roles, 
and issues of equity, thereby providing evidence-based guidance for sustainable policy and practice.

CONCLUSION
This systematic literature review synthesized research published between 2020 and 2024 on the integration 

of Artificial Intelligence (AI) in education, focusing on emerging trends, benefits, challenges, and research gaps. 
The findings demonstrate that AI is increasingly being applied across diverse educational contexts—ranging 
from special education and primary schools to higher education and language learning environments. These 
applications highlight AI’s transformative potential in supporting personalized learning pathways, curriculum 
innovation, adaptive tutoring, and data-driven educational reforms.

The review also identified multiple benefits of AI integration, particularly in enhancing student engagement, 
academic task performance, teaching practices, assessment strategies, and administrative efficiency. 
Additionally, the recognition of AI literacy as an essential competency for both students and educators indicates 
a growing awareness of the need to prepare learners for a technology-driven future.

Despite these advantages, significant challenges and ethical concerns remain. Limited infrastructure, 
inadequate teacher training, risks of algorithmic bias, lack of transparency, and issues related to data privacy 
and surveillance hinder the effective and equitable adoption of AI. Furthermore, the literature reveals 
persistent research gaps, including the lack of empirical classroom-based studies, limited exploration of ethical 
frameworks, insufficient focus on underrepresented populations, and the need for structured approaches to 
developing AI literacy.

Overall, this review underscores that while AI holds substantial promise in reshaping teaching and learning, 
its successful implementation requires balanced consideration of both opportunities and challenges. Addressing 
infrastructural barriers, fostering teacher capacity, ensuring ethical governance, and expanding research into 
underexplored areas are critical steps toward harnessing AI’s potential to create inclusive, effective, and 
equitable educational environments.
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