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Abstract. This study combines the Lasso regression analysis technique and 

CiteSpace visualisation software for analysis to comprehensively study the ac-

ademic papers related to artificial intelligence learning on Web of Science dur-

ing 2016-2024. The visualisation analysis reveals the changing trends, major 

research directions and dynamics in the field over the past decade, while using 

Lasso regression to highlight the core themes and trends. It is found that signif-

icant progress has been made in the application of AI in the field of education, 

and the focus of research has shifted to practical applications and educational 

practices. However, issues such as personal privacy protection, algorithm com-

prehensibility and ethical norms still require attention. The purpose of this study 

is to provide a strong orientation for subsequent investigations, promote the 

close integration of AI and educational technology, and work together to build a 

better tomorrow for education. 
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1 Introduction 

Over the past decade, AI technology has rapidly progressed and been widely used in 

education, reshaping the education model and injecting new momentum for innova-

tion. Generative intelligence technology shows potential in classroom content crea-

tion, personalized tutoring, and intelligent assessment, while optimizing educational 

resource allocation. However, governance challenges around data privacy, algorith-

mic transparency, and ethical norms require attention and standardized measures[1]. 

The full integration of AI technology brings a fundamental change in educational 

concepts, shifting from a teacher-led to a learner-centered model emphasizing person-

alized learning and lifelong education[2].China, observing global AI trends in educa-

tion, demonstrates strong momentum in this field, supported by policy, technological 

innovation, and industry cooperation. It aims to build a smart education framewor k 
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with local characteristics to achieve education equity and improve quality, contrib-
uting Chinese wisdom to global AI education development[3]. Quan Shengquan ana-
lyzed AI teachers' role, emphasizing their responsibilities in customizing educational 
content, tracking progress, providing guidance, and recommending resources for tar-
geted learning experiences[4].This paper combines the Lasso regression model and 
CiteSpace knowledge graph visualization tool to explore academic papers related to 
AI education on Web of Science from 2016 to 2024. CiteSpace presents literature 
data in a clear graphical form, revealing evolutionary trends, main research directions, 
and changes over the decade. Lasso regression analysis is used for feature selection, 
distilling critical research themes and their dynamics. This study aims to provide re-
searchers with a precise and effective reference to grasp core trends and future direc-
tions in AI education. 

2 Data Sources and Methods of Analysis 

The data for this search was taken from the Web of Science, including journals such as 
SCI, CSSCI, CPCCI and BKCI. A search for “AI education” returned 5516 results, of 
which 500 articles were selected for analysis. The data on AI education shows two 
phases with distinct results. CiteSpace 6.3.R1 was used for data mining and trend 
detection, dividing the literature into 246 nodes and 754 links[6]. The obtained nodes 
and connecting lines form a network diagram of citation relationships, visualizing the 
evolutionary trajectory of knowledge in AI education. To enhance analysis accuracy 
and clarity, I used Lasso regression. This method applies L1 regularization to restrict 
and reduce feature coefficients, zeroing out less significant ones. Key representative 
variables extracted include keywords, authors, and affiliations. 
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In this process, n is the sample size of the tissue, actual and predicted; RMSE is 
calculated as the sum of the squares of the differences divided by 2n and measures 
accuracy. λ governs the robustness of the regularization and prevents over-fitting. It 
represents the regression coefficient; the L1 term is its absolute sum, which promotes 
divergence and feature selection; the loss function in Lasso regression combines MSE 
and L1 to ensure accuracy and feature selection, increasing generalizability[5]. Using 
Lasso regression to filter AI training allows focus and trend are identified and the 
foundation for further research is laid; visualizing evolution and correlation over time 
in CiteSpace increases the rigor and pace of research and provides a holistic view of the 
AI learning field. 
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3 State of the Artificial Intelligence Education Research in 
the Last Decade 

3.1 Highly Cited Literature and Publications 

The integration of AI and education has yielded significant results in recent years. Early 
research laid the foundation for intelligent tutoring[7].the literature from 2016-2018 
shows the potential of AI in education to improve outcomes and resource allocation[8], 
AI transforms learners into active leaders [8]; and for AI-based learning solutions, 
frameworks exist[9].The learning environment influences motivation and AI needs to 
be adapted to individual needs[10]. Ethics and privacy are also taken into account to 
guide the development of AI and promote gender equality in education[8]. 
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Fig. 1. The yearly allocation of dispatched correspondence. 

Artificial intelligence education and research is developing at a rapid pace. Figure 1 
shows modest growth in limited publications from 2016 to 2019. However, significant 
growth will be seen after 2020 and will peak in 2021. This is likely driven by the 
growing interest in AI in education and the pandemic shift to online learning. This trend 
is expected to intensify in 2022-2023, as CiteSpace's Knowledge Graph technology 
reveals knowledge trends and networks. By analyzing them, researchers have uncov-
ered important themes. The Knowledge Map fosters interdisciplinary and organiza-
tional cooperation and highlights the rapid development of artificial intelligence in 
education, in line with the global demand for smart education. 

3.2 Keyword Analysis 

Keyword Frequency and Centrality. Table 1 shows that “artificial intelligence” was 
an important theme in 2017, with high signaling and centrality; “machine learning” 
remained important in 2018, and discussions about artificial intelligence in the design 
of educational systems emerged. Education“ and ”higher education“ emerged in 2017 
and 2019, highlighting the integration of artificial intelligence; discussions about ”deep 
learning“ increased in 2020, and in 2021, discussions about ”intelligent systems,“ ”big 
data,“ ”innovation,“ and ”students" surged. Discussions on “Artificial Intelligence” 
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have declined since 2017, but remain a concern. The combination of “data science” and 
‘innovation’ indicates the penetration of AI education into science and technology, 
while “students” reflects a student-centered approach; advances in AI education indi-
cate broad perspectives and opportunities. 

Table 1. Keywords: wordfrequency, centralitystatistics 

frequency centred year keyword 

245 0.97 2017 artificial intelligence 
33 0.13 2018 machinelearning 

23 0.08 2017 education 

22 0.02 2022 medicaleducation 

19 0.1 2020 deeplearning 

15 0.1 2019 highereducation 

15 0.01 2021 artificial intelligence 

12 0.05 2021 bigdata 

11 0.04 2018 System 

11 0.08 2021 technology 

11 0.03 2021 students 

In this case, the centrality analysis of the Lasso model shows a stable but weak in-
tercept term (R² = 0.144) with the model coefficients in Table 2. The standardized and 
unstandardized centrality coefficients for the underlying variables were negative and 
contributed negatively to the prediction. This is consistent with the CiteSpace 
Knowledge Graph analysis and highlights the complexity and diversity of the AI ed-
ucation research field. Future research should include more variables and build more 
complex models; the use of CiteSpace will help track insights and developments in this 
area. 

Table 2. Model coefficient table 

variable name normalisation factor non-standardised coefficient

intercept 2022.262 2022.263 

centred -5.879 -5.917 

Timeline Mapping. The graph in Figure 2 shows the change over time in the focus 
of AI learning research, with nodes connected by connecting lines: from 2016 to 2018, 
“models” and “systems” appear frequently, and the focus has been on basic technolo-
gies and models; from 2019, the focus shifts to specific educational applications and AI 
impacts In 2020, the search will be more refined, with keywords such as “intelligent 
learning” and “bibliometric analysis” appearing, indicating a focus on the impact on 
learning, intelligent systems, and the evaluation of innovative approaches. We see a 
focus on evaluation. Terms such as “data analysis” and “strategic planning” also ap-
peared, suggesting an increased focus on data and strategic planning for smart learning 
technologies. 
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Fig. 2. Artificial Intelligence Education Timeline. 

This time line clearly depicts the journey of AI education from basic technology 
exploration to practical application, as well as the subsequent exploration of effec-
tiveness evaluation and innovation strategies. The study lays a key reference founda-
tion for future directions of exploration. 

Reach a Verdict.The fields of education and artificial intelligence are growing 
rapidly, with the number of studies and citations indicating a shift in research and a 
deepening of technology applications. Research has expanded from early theoretical 
work to discussions of improving learning outcomes and is now focused on deep 
learning, equity, and quality improvement. Keyword analysis shows that the terms 
“artificial intelligence,” “machine learning,” and “deep learning” are becoming in-
creasingly popular, indicating a shift toward learner-centered research. Terms such as 
variational algorithms and Lasso regression, as well as “education,” “computer science,” 
“systems engineering,” and “virtual reality” reflect the growth and interest in this topic. 
Research is shifting from theory to practical applications, performance evaluation, and 
innovative technologies, and AI education is evolving, exploring new technologies and 
applications, and transforming educational models. 

4 Research Outlook 

4.1 Deepening Research on the Theory and Practice of Artificial 
Intellectual Education 

Adopting diversified research perspectives to explore and widely integrate existing 
research results in order to form a more systematic and comprehensive cognitive sys-
tem, Iris Heung's team proposed a comprehensive AI literacy framework, emphasis-
ing interdisciplinary integration, in order to lay the foundation for theoretical con-
struction and practical application, taking into account the actual needs of primary 
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school campuses. [11] Jo¨rg von Garrel found students' preference for reliable and 
scientific literature citation and error recognition functions through collaborative 
analyses, and the empirical study provides a basis for the development of AI in the 
education field [12] The research team used questionnaires and interviews. The re-
search team used questionnaires and interviews to collect positive feedback from 
teachers and students on AI personalised learning, foreshadowing the potential for 
smart transformations in education, and in-depth analyses of sample data to deepen 
theoretical and practical understanding of AI in education [13] The research team 
used questionnaires and interviews to collect positive feedback from teachers and 
students on AI personalised learning, predicting the potential for educational intelli-
gence transformation. 

4.2 Focus on Artificial Intelligence Education Ethical and Social 
Implications 

The rapid development of AI technology is profoundly changing the education sys-
tem, especially in terms of customised learning, intelligent tutoring and data-driven 
decision-making, showing great potential. However, this process is also accompanied 
by major issues such as data privacy protection and algorithmic bias. The extensive 
collection and analysis of education data raises concerns about the privacy and secu-
rity of students. Meanwhile, bias in algorithms may lead to unfair educational out-
comes. Therefore, how to ensure the safety of student privacy and eliminate algorith-
mic bias while using AI for educational advancement has become a key challenge to 
be addressed in the field of education [14] . Future research needs to focus on explor-
ing how to effectively identify and correct algorithmic biases to safeguard the fair and 
inclusive application of AI in education. 

5 Conclusion 

Over the past decade, artificial intelligence technologies in education have made sig-
nificant advances, transforming teaching methods and improving learning outcomes. 
Intelligent technology is accelerating the modernization of education by revealing its 
potential in areas such as data analysis, personalized learning, intelligent tutoring, and 
academic assessment. However, challenges abound in implementing the technology, 
ensuring data security and confidentiality, improving teachers' knowledge of artificial 
intelligence, and exploring human-computer collaboration. These obstacles are pre-
venting AI from being thoroughly utilized and improving the quality of education; in 
order to integrate AI and education, we must strive to integrate practical applications 
with cutting-edge theory and seek innovative ways to integrate the two. Interdiscipli-
nary collaboration and diversification of educational resources are essential. To re-
spond effectively to the intellectual transformation of education, AI professional 
competence and faculty development must be strengthened. These efforts will fully 
leverage the benefits of AI to accelerate modern education, improve the quality of 
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education, and facilitate the emergence of future talent with innovative thinking and 
practical skills. 
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        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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