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Abstract: The faster evolution of artificial intelligence (AI) is changing the field of education by making
teaching and learning more personalized, adaptive, and data-driven. As Al gets further integrated into
educational technologies (EdTech), student engagement is enhanced by chatbots, VR/AR, intelligent tutors, and
ML algorithms, boosting academic achievement and the development of reasoning skills. This change was faster
during the COVID-19 pandemic because of the greater emphasis on the role of technology in education, its
possibilities, and shortcomings. At the same time, there is increased use of Al-powered technologies in
education, and the more prominent ethical issues these technologies pose are algorithmic discrimination, data
security, and the implications of systems’ autonomy in making judgments. This research examines the effects
of Artificial Intelligence (Al) on Education within the years 2021 - 2025, utilizing a systematic literature review
(SLR) and bibliometric analysis through the VOSviewer software. Results delineate dominant research clusters
and depict a shift from examining general applications of technology to more nuanced, emerging advancements
like contrastive learning and adversarial techniques. The research draws attention to implementing Al in
education responsibly while outlining further steps in research and policymaking to ensure educational Al is
used to its fullest potential while protecting academic accessibility and institutional neutrality.
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1. Introduction and Background

Al's use in education has progressed from simple computer-assisted instruction to complex systems that can
mimic human behavior. Al-powered chatbots, like Google's Bard and OpenAl's ChatGPT, have shown great
promise in automating administrative work, promoting interactive learning, and offering immediate academic
support (Hwang et al., 2020). Similar to this, immersive learning environments are being created using VR and
AR technology, allowing students to participate in experiential learning, especially in STEM (Science,
Technology, Engineering, and Mathematics) sectors (Pottle, 2019). The use of Al in educational contexts,
however, raises serious questions about algorithmic bias, data privacy, and the moral implications of
automated decision-making, even though it offers hitherto unheard-of chances for creativity (Zawacki-Richter
etal, 2019).

Integrating Al with educational technology creates a powerful shift in modern educational frontiers. Recently,
the application of Al into educational activities has captured substantial interest and scholarly inquiry since Al
techniques provide remarkable possibilities to tailor instructional experiences, streamline non-academic
functions, and improve other educational services (Lampou, 2023). The testing phase of Al use in education is
now long gone; it is an urgent requirement for most educators because of its ability to improve productivity
tremendously while simultaneously creating novel insights into learning opportunities (Ma et al,, 2024). The
use of Al technology helps in resolving the challenges that educational institutions face while trying to provide
quality education to a wide range of learners and students, thus making Al technology an essential tool for
developing rich, interactive, and equitable educational systems (Jian, 2023). For this revolution to take place,
one must grasp the contemporary approaches to the use of Al in education, the problems that need to be solved,
and the goals that have to be achieved.

According to empirical research, Al-enhanced learning resources that offer adaptive learning pathways and
personalized feedback help students do better academically (Holmes et al., 2019). To maximize information
retention, Al-driven analytics, for example, might pinpoint students' learning gaps and suggest specialized
materials (Luckin, 2022). Furthermore, by including students in problem-solving exercises and Socratic
questioning strategies, Al promotes critical thinking (Woolf et al., 2020). However, implementation tactics,
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institutional backing, and students' levels of digital literacy all affect how effective these tools are (Selwyn,
2019).

The use of Al in education is not without its difficulties, despite its advantages. Concerns about ethics, like
violations of data privacy and improper use of student data, are still urgent (Regan & Jesse, 2019). Another
major concern is algorithmic bias, which occurs when biased training data causes Al systems to unintentionally
reinforce preexisting inequities (Noble, 2018). Furthermore, accountability issues are brought up by the
opaqueness of Al decision-making processes, which is also referred to as the "black box" dilemma (Dignum,
2021). Widespread Al deployment in higher education is further hampered by faculty unpreparedness,
institutional resistance, and high implementation costs (Williamson & Eynon, 2020).

2. Methodology

The trends, effects, and difficulties in Al-driven educational technology from 2021 to 2025 are examined in this
study using a systematic literature review (SLR) methodology. The SLR ensures methodological rigor and
repeatability by using an organized process to find, assess, and synthesize pertinent academic papers. The
search methodology, inclusion/exclusion standards, data extraction procedure, and analytical framework are
described in full below.

Search Strategy using Keyword Selection
In this study, to ensure a comprehensive coverage of Al applications in education, a combination of broad and
specific keywords was used, grouped into three thematic clusters:

The first thematic cluster is using the term “Al and Machine Learning in Education,” which focuses on core
terms "Artificial Intelligence," "AL" "machine learning," "deep learning," "neural networks," and "predictive
analytics.". Another key term is educational focus that is specific to "Al in education,” "educational technology,"
"intelligent tutoring systems," and "adaptive learning."

Another thematic cluster is using the “Al-Driven Tools and Applications” that focus on "Chatbots," "ChatGPT,"
"virtual reality," "augmented reality," "VR/AR in education,” "federated learning," and "automated grading.”

The last thematic cluster is on “Learning Outcomes and Challenges,” which focuses on "Academic performance,"”
"student engagement,” "critical thinking," and "personalized learning." It also includes "Ethical Al," "algorithmic
bias," "data privacy," and "Al policy in education.”

Database Selection

The primary searches were conducted in the Scopus Database, due to its extensive coverage of peer-reviewed
journals. The search filters were applied to the publication type, which is limited to journal articles and
conference proceedings, to prioritize empirical and peer-reviewed research. The articles were published
within the time frame of 2021 to 2025, that is to capture the post-pandemic trends.

3. Results

Three bibliometric visualization types, network visualization, density visualization, and overlay visualization,
were examined in order to have a thorough grasp of how artificial intelligence (Al) is changing education. Every
approach tackles a particular study goal and offers unique perspectives on theme clusters, research patterns,
and the development of artificial intelligence in education throughout time.

Table 1 represents the data set information gathered from the methodology.

Table 1: Data Set Information

Description Result

Initial search
Timespan 2021-2025
Number of Documents 391
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Applying exclusion criteria
Timespan 2021-2025
Document Type Journal articles and conference proceedings
Exclude: Lecturer notes, symposiums, trade magazines, book
reviews, letters, books, and chapters in books. Exclusion also includes
papers on literature synthesis, bibliometrics, and reviews. The main
reason is to focus on empirical findings.

Language English (to avoid biases for language incompetence)
Article 276
Proceeding 115
Total number of citations 391
Average citations per document 9.45

Table 2 represents the count for the articles and proceedings, by year from 2021 - 2025.

Table 2: Count for the articles and proceedings

Type of publications Year Count
Article 276
2021 17
2022 31
2023 32
2024 121
2025 75
Conference paper 115
2021 12
2022 10
2023 33
2024 54
2025 6
Grand Total 391

Figure 1: Network Visualization
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Three main research clusters were identified by the network analysis, as shown in Figure 1. The green cluster,
in the first position, is devoted to the technical applications of Al, such as virtual reality and federated learning,
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as well as adversarial machine learning, which are among the technical Al applications. Current investigations
on the use of cutting-edge technology in education are reflected in these phrases. Meta-level analyses of Al's
involvement in learning systems are indicated by a second cluster, which is depicted in red and is focused on
broader educational frameworks using phrases like engineering education, ChatGPT, and deep learning. Using
phrases like humans, human experiment, perception, and procedures represents the third cluster represented
in blue. This suggests the areas for social perception and acceptance of Al in education.

Figure 2: Density Visualization
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Areas with a high concentration of research activity were indicated by the density visualization, as shown in
Figure 2. Confirming their established position in the areas of research, the terms machine learning, deep
learning, and engineering education seemed to be the most densely packed. With a lower density, emerging
concepts such as contrastive learning and federated learning emerged, indicating areas of interest that are still
developing but rising. This trend points to a continuous shift in research priorities away from fundamental Al
applications and towards more specialized and innovative applications in the classroom.

Overlay Visualization

Figure 3 shows an overlay visualization that revealed temporal patterns that demonstrated the evolution of
research objectives. ChatGPT, adversarial machine learning, and contrastive learning have garnered more
attention in recent years (2023-2024), which is consistent with the quick development and uptake of
generative Al technologies. The prominence of terminology like COVID-19 and cross-sectional studies, on the
other hand, has decreased, signalling a move away from pandemic-related educational research and towards
longer-term studies on Al integration. The field's shift from reactive research to proactive investigations of
long-term Al applications in educational settings is reflected in this shift.
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Figure 3: Overlay Visualization
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Discussion

Trends in Al Applications for Education

There is a clear preference for specific Al technologies in recent educational technology advancements.
Chatbots have become widely used in educational contexts, especially ones that use big language models, like
ChatGPT. These conversational agents can help with administrative duties and offer immediate academic
support, among other things. Virtual reality technologies have also gained popularity, particularly in fields that
require the development of practical skills or spatial knowledge. Research shows that these technologies
typically lead to better learning outcomes, with quantifiable increases in student performance in a range of
topics.

In addition to these advantages, researchers have found a number of issues that need to be addressed.
Algorithmic bias problems still exist, especially in systems that use federated learning techniques. Biases that
are already present in localized datasets may occasionally be exacerbated by the dispersed nature of such
systems. Furthermore, widespread deployment is still hampered by concerns about data privacy and the
proper use of student information.

Research Gaps

Despite the tremendous progress made on the subject, there are quite a lot of potential areas for further
research exploration. Not much has been researched on how the incorporation of the use of Al over time
impacts higher-order cognitive issues, particularly critical thinking. Rather than monitoring the development
of skills over lengthy amounts of time, the bulk of existing research focuses on short-term learning outcomes.
Similar attempts have been made to relate to classroom applications of federated learning, where minimal
empirical evidence exists. Little research has demonstrated its application efficacy in real educational contexts,
although its theoretical potential in addressing data privacy challenges is attractive.

A natural knowledge gap is understanding how different student demographics interact with Al systems. The
question of whether or not these technologies help all student demographics to the same extent or whether or
not they unconsciously amplify achievement inequality has not been fully explored in research. This picture
will be complicated by the existing differences in digital literacy between educators and students, which implies
that more comprehensive research is needed.
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5. Managerial Implications and Recommendations

When integrating Al solutions, educational institutions should take a balanced approach that takes ethical
issues and technological potential into account. While enabling schools to take advantage of these
advancements, creating thorough standards for the proper use of Al in the classroom could help allay present
worries. These frameworks could contain data management methods, bias detection mechanisms, and
transparency standards for algorithmic decision making.

It would be beneficial for future research to concentrate on a few important areas. Research on applications
of skill-based learning may show how Al systems might effectively assist the development of competencies
outside of the realm of traditional academic topics. Finding best practices for diverse educational situations
may be aided by comparative studies that look at various implementation tactics. Furthermore, additional
research is required to determine how Al systems might be developed to enhance educational efficacy while
maintaining the crucial interpersonal components of teaching, rather than to replace human educators.

Working together, technologists, educators, and legislators will probably be essential to the further
development of Al in education. The discipline can strive towards creating Al systems that genuinely improve
learning experiences while upholding moral principles and educational ideals by resolving present constraints
and investigating novel applications. A strategy like this would help guarantee that these technologies are
useful instruments for enhancing education rather than disruptive forces with unknown repercussions.

Conclusion

This study offers a thorough summary of the ways in which artificial intelligence has been used in learning
environments from 2021 to 2025. According to the report, conversational Al systems, in particular, chatbots
like ChatGPT have developed into essential resources in contemporary educational settings. These solutions
have proven successful in automating administrative processes and offering individualized learning help.
Applications for virtual reality have also proven to be useful tools, particularly in fields like engineering and
medicine that demand immersive learning environments. Additionally, during the evaluation period, the study
documents the evolution of these technologies from experimental projects to widely used instructional aids.

When evaluating these results, a number of limitations should be taken into account. The geographic
representation of innovations may have been skewed by the exclusive concentration on English-language
publications, which may have ignored important advancements recorded in other languages. Furthermore,
important theoretical contributions and real-world implementation insights from policy papers or institutional
reports were left out due to the exclusion of non-empirical literature. Another problem with Al technology's
fast evolution is that some of the most current developments might not yet be represented in published
scholarly works.

There are a number of significant areas that demand more academic study. Longitudinal studies that
investigate the effects of lengthy exposure to Al teaching tools on the development of critical thinking and
problem-solving abilities are especially needed. More research should be done on the possibilities of federated
learning systems, particularly with regard to their use in various international classroom environments with
different technological infrastructures. The creation of uniform frameworks for assessing Al educational
resources and comparative analyses of Al use in various cultural contexts should be the focus of future study.
Future studies that can be suggested include the socioeconomic effects of Al adoption in education over the
long run and the need for teacher preparation for successful Al tool integration.

It will be more crucial than ever to strike a balance between innovation and careful evaluation of the
pedagogical implications as educational institutions continue to implement Al technologies. Future studies
should focus on giving educators and legislators evidence-based recommendations for using these tools in
ways that really improve learning outcomes while resolving accessibility and ethical difficulties. The study's
conclusions imply that although Al has already revolutionized a number of facets of education, further research
and responsible use are still needed to reach its full potential.

245



Information Management and Business Review (ISSN 2220-3796)

Vol. 17, No. 2(S), pp- 240-246, August 2025

References

Dignum, V. (2021). The role and challenges of education for responsible Al. London Review of Education, 19(1),
1-11.

Holmes, W., Bialik, M., & Fadel, C. (2019). Artificial intelligence in education. Center for Curriculum Redesign.

Hwang, G.-]., Xie, H., Wah, B. W., & Gasevi¢, D. (2020). Vision, challenges, roles, and research issues of Artificial
Intelligence in Education. Computers and Education: Artificial Intelligence, 1, 100001.

Jian, M. J. K. 0. (2023). Personalized learning through Al. Advances in Engineering Innovation, 5(1), 16.

Lampou, R. (2023). The Integration of Artificial Intelligence in Education: Opportunities and Challenges. Review
of Artificial Intelligence in Education, 4.

Luckin, R., Holmes, W., Griffiths, M., & Forcier, L. B. (2022). Al in education: A critical review. Routledge.

Ma, K., Zhang, Y., & Hui, B.-H. (2024). How Does Al Affect College? The Impact of Al Usage in College Teaching
on Students’ Innovative Behavior and Well-Being. Behavioral Sciences, 14(12), 1223.

Noble, S. U. (2018). Algorithms of oppression: How search engines reinforce racism. In Algorithms of
Oppression. New York University Press.

Pottle, ]. (2019). Virtual reality and the transformation of medical education. Future Healthcare Journal, 6(3),
181-185.

Regan, P. M,, & Jesse, ]. (2019). Ethical challenges of edtech, big data, and personalized learning: Twenty-first
century student sorting and tracking. Ethics and Information Technology, 21, 167-179.

Selwyn, N. (2019). Should robots replace teachers? Al and the future of education. Polity Press.

Williamson, B., & Eynon, R. (2020). Historical threads, missing links, and future directions in Al in education.
Learning, Media and Technology, 45(3), 223-235.

Woolf, B., Ghosh, A, Lan, A, Zilberstein, S., Juravizh, T., Cohen, A., & Geho, 0. (2020). Al-Enabled Training in
Manufacturing Workforce Development. NSF’s Convergence Accelerator Pilot.

Zawacki-Richter, 0., Marin, V. I, Bond, M., & Gouverneur, F. (2019). Systematic review of research on artificial
intelligence applications in higher education - where are the educators? International Journal of
Educational Technology in Higher Education, 16(1), 39. https://doi.org/10.1186/s41239-019-0171-
0

246


https://doi.org/10.1186/s41239-019-0171-0
https://doi.org/10.1186/s41239-019-0171-0

