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Abstract 

This meta-analysis examined the effectiveness of artificial intelligence (AI) technologies in educational settings 
through a systematic review of 13 empirical studies conducted across eight countries. We analysed the impact of 
various AI technologies on educational outcomes using PRISMA guidelines and multiple analytical approaches, 
including novel applications of Naive Bayes, TF-IDF, and BERT-based algorithms. The overall analysis revealed 
a significant positive effect size (Hedges' g = 0.86, 95% CI [0.45, 1.27], p < 0.0001), indicating substantial 
benefits of AI integration in education. Particularly noteworthy were the effects of chatbots and generative AI 
(effect size = 1.02, 95% CI [0.45, 1.59], p < 0.0001), which demonstrated the most substantial positive impact on 
student learning outcomes. Online learning and virtual reality applications showed moderate positive effects 
(effect size = 0.79, 95% CI [-0.04, 1.62], p < 0.07) while learning management systems and AI platforms 
demonstrated promising but more modest impacts (effect size = 0.62, 95% CI [0.03, 1.21], p < 0.05). Although 
significant heterogeneity was observed across studies (I² ranging from 54.03% to 93.23%), the consistent 
positive effects across different educational contexts suggest the robust potential of AI technologies in enhancing 
educational practices. Implementing a novel weighted hybrid model, combining random and fixed effects 
approaches, provided additional methodological insights for analysing educational technology effectiveness. 
These findings provide empirical support for integrating AI technologies in educational settings while 
highlighting the importance of considering specific contextual factors and implementation strategies for optimal 
outcomes. 
Keywords: AI for education, meta-analysis, artificial intelligence, education, algorithm 
1. Introduction 

The rapid advancement of artificial intelligence (AI) has significantly transformed various sectors, including 
education, where it has emerged as a powerful tool for enhancing teaching and learning processes (Lee et al., 
2019). As educational institutions increasingly adopt AI-related technologies, there is a growing need to evaluate 
their effectiveness and impact on learning outcomes systematically. The integration of AI in education 
encompasses various applications, from intelligent tutoring systems and chatbots to virtual reality and learning 
management systems, each promising to revolutionize traditional educational approaches (Chen et al., 2020). 
Implementing AI in educational contexts has evolved through three paradigms: AI-directed learning, 
AI-supported learning, and AI-engaged learning (Ouyang & Jiao, 2021). This evolution reflects the increasing 
sophistication of AI applications in education, moving from simple automated systems to more complex, 
interactive learning environments. Recent research has demonstrated that AI technologies can potentially 
enhance student engagement, personalize learning experiences, and improve educational outcomes (Chen et al., 
2022). 
However, despite the growing body of research on AI in education spanning the past two decades, there remains 
considerable variation in reported effectiveness across different studies and contexts (Deng & Yu, 2023). This 
heterogeneity in research findings makes it challenging for educators and policymakers to make informed 
decisions about AI implementation in educational settings. Furthermore, while individual studies provide 
valuable insights into specific applications of AI in education, a comprehensive understanding of the overall 
impact of AI-related technologies on educational outcomes is still lacking (Chen et al., 2022). 
Meta-analysis offers a robust methodological approach to synthesize and quantitatively analyze the results of 
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multiple independent studies, providing a more comprehensive and reliable assessment of the effectiveness of 
educational interventions (Borenstein et al., 2021). Through systematic review and meta-analysis, researchers 
can identify patterns, assess the consistency of effects across different contexts, and evaluate the overall impact 
of AI-related technologies in education (Hansen et al., 2022). 
Therefore, this study aims to conduct a comprehensive meta-analysis of research examining the effectiveness of 
AI-related technologies in education. By synthesizing findings from multiple studies, this research seeks to 
provide evidence-based insights into the overall impact of AI applications in educational settings, identify factors 
that influence their effectiveness, and offer practical recommendations for implementing AI-based educational 
interventions. This meta-analysis follows the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines to ensure methodological rigor and transparency in reporting (Page et al., 
2021). 
2. Literature Review 

2.1 Evolution of Artificial Intelligence in Education 

The integration of artificial intelligence in education has undergone significant evolution over the past two 
decades, transforming from basic automated systems to sophisticated learning environments. Chen et al. (2022) 
documented this transformation through a comprehensive analysis of two decades of AI in education, 
highlighting how educational technology has progressed from simple computer-assisted instruction to complex 
adaptive learning systems. This evolution aligns with Ouyang and Jiao's (2021) identification of three distinct 
paradigms in AI education: AI-directed learning, where AI systems primarily deliver content; AI-supported 
learning, where AI enhances traditional teaching methods; and AI-engaged learning, where AI actively 
participates in the learning process through interactive and adaptive mechanisms. 
2.2 Current Applications of AI in Educational Settings 

Recent research has revealed diverse applications of AI technologies in educational contexts. Chen et al. (2020) 
categorized these applications into several key areas: intelligent tutoring systems, adaptive learning platforms, 
automated assessment tools, and educational robots. The implementation of these technologies has shown 
promising results in various educational settings. For instance, Deng and Yu (2023) conducted a meta-analysis 
focusing on chatbot technology in education, finding significant positive effects on student engagement and 
learning outcomes. 
2.3 Impact of AI-Based Learning Platforms 

The effectiveness of AI-based learning platforms has been the subject of extensive research. Studies by Chang et 
al. (2022) demonstrated how chatbot-facilitated nursing education improved students' learning achievement and 
self-efficacy. Similarly, Lee et al. (2022) found that AI-based chatbots significantly enhanced college students' 
after-class review practices and academic performance. These findings align with broader research trends, 
indicating that AI-integrated learning environments can provide students with personalized learning experiences 
and immediate feedback. 
2.4 Virtual Reality and Online Learning Integration 

Integrating virtual reality and online learning platforms with AI has created new opportunities for educational 
innovation. Alshammary and Alhalafawy (2023) provided evidence through their meta-analysis that digital 
platforms significantly improve learning outcomes. This is supported by Chen and Wang's (2022) research on 
virtual reality-assisted language learning, which demonstrated enhanced student engagement and improved 
learning retention. 
2.5 Methodological Approaches in AI Education Research 

Research methodologies in AI education studies have become increasingly sophisticated. Borenstein et al. (2021) 
emphasized the importance of rigorous meta-analytic approaches in evaluating educational interventions. This is 
particularly relevant given the heterogeneous nature of AI education research, as noted by Hansen et al. (2022) in 
their guide to conducting meta-analyses. Adopting standardized reporting guidelines, such as PRISMA (Page et 
al., 2021), has further enhanced the quality and reliability of research in this field. 
2.6 Challenges and Future Directions 

Despite the promising results, several challenges remain in implementing AI in education. Ding et al. (2020) 
identified key challenges in large-scale decision-making processes related to AI implementation in educational 
settings. Additionally, Agrawal et al. (2017) highlighted the importance of managing expectations regarding AI's 
capabilities and limitations in educational contexts. These challenges necessitate continued research and 
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systematic evaluation of AI's educational applications. 
3. Methods 

In this study, researchers used PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 
as part of the meta-analysis. PRISMA is a set of guidelines and standards designed to improve the quality of 
systematic review and meta-analysis reports to improve research's reproducibility, integrity, and transparency. 
PRISMA Flowchart: During the reporting stage, researchers used the PRISMA flowchart to show the literature 
retrieval process, screening, and inclusion. This allows people to understand each step of literature retrieval, 
screening, and inclusion in the meta-analysis process. The PRISMA flowchart used in this study is as follows: 

 

Figure 1. PRISMA diagram 
 
Interpretation of results: According to the PRISMA guidelines, a detailed report on the impact of various 
AI-related technologies in education is provided, and specific results of relevant data analysis are provided, 
including the overall effect, relevant influencing factors, and their practical application significance. 
Keywords, time range, inclusion and exclusion criteria, and search content of literature search 
In the meta-analysis, to ensure the accuracy and comprehensiveness of the literature of the meta-analysis, the 
researchers used the following methods to search for literature: 
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Keywords: 
• During the literature search, the researchers used the following keywords and phrases to cover all 

relevant studies on the application of AI-related technologies in the field of education: 
o AI for education, artificial intelligence for education, AI applications in learning, machine 

learning in educational technology, etc. 
Time range: 

• To ensure the relevance and timeliness of the retrieved literature, the researchers set the time range as 
follows: 

o Start time: January 2015 
o End time: July 2024 

• Inclusion criteria: 
The literature included in this study needs to meet the following criteria: 

• The language is English. 
• The research content is related to applying AI-related technologies in education. 
• Published in peer-reviewed journals or conference papers. 
• Provide sufficient relevant statistical data for effect size calculation and analysis. 

Exclusion criteria: 
• The following types of literature are excluded: 
• The research content is not related to applying AI-related technologies in education. 
• Literature with only theoretical discussions but no empirical data. 
• The quality of the literature does not meet the requirements, such as insufficient data or lack of detailed 

method description. 
• The type of paper is not an original study, such as a draft opinion or a review article. 

Search content: 
The literature search is mainly conducted in the following databases: 

• Google Scholar 
• ERIC (Education Resources Information Center) 
• Scopus 

Researchers use the database's advanced search function to accurately find relevant literature for the above 
search keywords and related standards during the search process. The search results are strictly screened to 
ensure that the literature included by the researchers meets the quality standards of the research and can support 
this study's meta-analysis. 
Research characteristics 
The study includes trials in 8 countries: Taiwan, Australia, Turkey, China, Iran, the Netherlands, Spain, and 
Switzerland. The sample size ranges from 20 to 794 participants. The characteristics of the 13 studies included in 
this study are shown in the following table: 
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Table 1. Research characteristics 
Author 
(year), 
country 

Type of participant Research project Number of participants Outcomes 

   Tota
l 
(nu
mbe
r of 
grou
ps) 

Experim
ental 
group 

Control 
group 

 

Chang, C. 
Y., Hwang, 
G. J. 
(2022), 
TWN  

Students in the UNED 
access course 

Effectiveness of chatbot-based vs. 
conventional learning approaches 

36 
(2) 

18 
(chatbot-
based 
learning) 

18 
(conve
ntional 
instruct
ion) 

Learning achievement 

Garratt-Re
ed, D. 
(2016), AU  

Undergraduate 
Students 

Comparison of face-to-face and 
online versions of an introductory 
psychology unit 

866 
(2) 

56 810 Grades 

Chang, C. 
Y., Kuo, S. 
Y. (2022), 
TWN  

Nursing school 
students in Taiwan 

Knowledge-based chatbot system 32 
(2) 

16 16 Learning achievement 

Lee, Y. F. 
(2022), 
TWN  

Students AI-based chatbot vs. traditional 
review for public health curriculum 

38 
(2) 

18 20 Learning achievement 

Yilmaz, R. 
(2023), TR  

Undergraduate 
students 

Impact of ChatGPT on computer 
programming skills 

45 
(2) 

21 24 Problem-solving 

Alipour, P. 
(2020), IR  

Intermediate EFL 
learners 

Comparison between blended 
learning (vocabulary instruction is 
conducted using a blended learning 
teaching model that combines 
face-to-face instruction and online 
learning) and traditional lecture and 
face-to-face teaching methods. 

60 
(2) 

30 
(Blended 
Learning 
Group 
(BLG)) 

30 
(Contr
ol 
Group 
(CG)) 

Learning achievement 

Akbari, E. 
(2016), NL  

Iranian PhD students Online vs. Face-to-Face Language 
Learning 

40 
(2) 

20 20 Learning achievement 

Farah, J. C. 
(2022), CH  

Undergraduate 
Students 

Code Review Application Evaluation 
(Chatbot VS Traditional education 
condition) 

20 
(2) 

11 9 Learning Gains 

Li, B. 
(2022), 
CHN  

Freshmen Comparison between AI-based 
flipped class and traditional lesson 

59 
(2) 

28 31 Comparison of listening 
performance between 
experimental and control 
groups 

Vázquez-C
ano, E. 
(2021), ES  

University students Teaching punctuation in Spanish 
using a chatbot 

103 
(2) 

52 51 Improvement in 
punctuation scores: The 
experimental group (using 
chatbot) showed 
significant improvement 
compared to the control 
group (using PDF 
exercises). 

Huang, H. 
L. (2020), 
TWN  

High school 11th 
grade students 

SVVR system for supporting 
descriptive article writing 

65 
(2) 

30 35 Content 

Penichet-T
omas, A. 
(2018), ES  

The sample of the 
study is composed of 
45 students in the 
second year of 
Physical Activity and 
Sports 

Digital learning platform 45 
(2) 

22 23 The experimental group 
showed higher post-test 
scores compared to the 
control group. Statistical 
significance was found (p 
< 0.01). 

Akbari, J. 
(2021), IR  

Iranian undergraduate 
English as a foreign 
language (EFL) 
students 

Virtual Learning Environment 60 
(2) 

30 30 Reading comprehension 
skills 
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4. Research Results and Analysis 

4.1 The Overall Effect of the Application of AI-related Technologies in the Field of Education 

Table 2. Meta-analysis of the overall effect of the application of AI-related technologies in the field of education 
Index Number of 

studies used 
in the model 

Heterogeneity 
(I2) 

Is there 
publication 
bias? 

Use a fixed-effects 
model or a 
random-effects model 

Overall 
 effect 
size 

P-value 95% 
Confidence 
 Interval 

The overall effect of the 
application of AI-related 
technologies in the field 
of education 

13 86.15% Yes Random effects 
model 

0.86 <0.0001 [0.45, 1.27] 

 
The funnel plot and forest plot of the meta-analysis of the overall effect of the application of AI-related 
technologies in the field of education are as follows: 

 
Figure 2. Funnel plot of the meta-analysis of the overall effect of the application of AI-related technologies in the 

field of education 

 
Figure 3. Forest plot of meta-analysis of the overall effect of the application of AI-related technologies in the 

field of education 
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In this meta-analysis, the overall effect size is 0.86, which shows that the application effect of AI-related 
technology in the field of education is generally positive, and this effect size belongs to the "large effect size" 
range (0.86>0.8). The P value is less than 0.0001, which shows that the overall effect is significant, and the 
overall impact of the application of AI-related technologies in education is statistically significant. The 95% 
confidence interval for the overall effect size was [0.45, 1.27]. This confidence interval does not include zero, 
which further supports that the overall effect of applying AI-related technologies in education is significant and 
of practical significance. 
4.2 The Application Effect of Chatbots and Generative AI in the Field of Education 

Table 3. Meta-analysis of the overall effect of the application of AI-related technologies in the field of education 
Index Number of 

studies used 
in the model 

Heterogeneity 
(I2) 

Is there 
 publication 
bias? 

Use a fixed-effects 
model or a 
random-effects model 

Overall 
effect 
size 

P-value 95% 
Confidence 
Interval 

The effectiveness of 
chatbots and generative 
AI in education 

6 77.32% Yes Random effects model 1.02 <0.0001 [0.45, 1.59] 

 
The funnel and forest plots of the meta-analysis of the effects of chatbots and generative AI in education are as 
follows: 

 
Figure 4. Funnel plot of the meta-analysis of the application effects of chatbots and generative AI in education 

 
Figure 5. Forest plot of a meta-analysis of the application effects of chatbots and generative AI in the field of 

education 
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In this meta-analysis, the overall effect size is 1.02, which shows that the application effect of AI-related 
technology in the field of education is generally positive, and this effect size belongs to the "large effect size" 
range (1.02>0.8). The P value is less than 0.0001, which shows that the overall effect is significant, and the 
overall impact of the application of AI-related technologies in education is statistically significant. The 95% 
confidence interval for the overall effect size was [0.45, 1.59]. This confidence interval does not include zero, 
which further supports the overall significant and practical impact of the application of chatbots and generative 
AI in education. 
4.3 The Application Effect of Online Learning and Virtual Reality in the Field of Education 

Table 4. Meta-analysis of the overall effect of the application of AI-related technologies in the field of education 
Index Number of 

studies used 
in the model 

Heterogeneity 
(I2) 

Is there 
publication 
bias? 

Use a fixed-effects 
model or a 
random-effects model 

Overall 
effect 
size 

P-value 95% 
Confidence  
Interval 

The effectiveness of 
online learning and 
virtual reality in 
education 

5 93.23% Yes Random effects model 0.79 <0.07 [-0.04, 1.62] 

 
The funnel plot and forest plot of the meta-analysis of the application effects of online learning and virtual 
reality in education are as follows: 

 
Figure 6. Funnel plot of the meta-analysis of the effects of online learning and virtual reality in education 

 

Figure 7. Forest plot of a meta-analysis of the application effects of online learning and virtual reality in the field 
of education 
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In this meta-analysis, the overall effect size is 0.79, indicating that the application effect of online learning and 
virtual reality related technologies in the field of education is generally positive. The P value is less than 0.07, 
and the 95% confidence interval of the overall effect size is [-0.04, 1.62]. In summary, the results of this 
meta-analysis show that online learning and virtual reality have certain application effects in the field of 
education. 
4.4 The Application Effect of Learning Management System and Artificial Intelligence Platform in the Field of 

Education 

Table 5. Meta analysis of the overall effect of the application of AI-related technologies in the field of education 
Index Number of 

studies used 
in the 
model 

Heterogeneity 

(I2) 
Is there 
publication 
bias? 

Use a fixed-effects 
model or a 
random-effects 
model 

Overall 
effect 
size 

P-value 95% 
Confidence 
Interval 

The application effect of 
learning management 
systems and artificial 
intelligence platforms in 
the field of education 

2 54.03% Yes Random effects 
model 

0.62 <0.05 [0.03, 1.21] 

 
The funnel plot and forest plot of the meta-analysis of the application effects of learning management systems 
and artificial intelligence platforms in the field of education are as follows: 

 
Figure 8. Funnel plot of meta-analysis of the application effects of learning management systems and artificial 

intelligence platforms in the field of education 

 
Figure 9. Forest diagram of meta-analysis of the application effects of learning management systems and 

artificial intelligence platforms in the field of education 
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The overall effect size in this meta-analysis is 0.62, indicating that the application effect of learning management 
systems and artificial intelligence platforms in the field of education is generally positive, and the P value is less 
than 0.05, indicating that the overall effect is statistically significant. The 95% confidence interval of the overall 
effect size is [0.03, 1.21], which does not include zero, further indicating that the effect size is significant. 
4.5 More than a Hundred Novel Algorithms Based on Naive Bayes were Applied to Meta-analysis for 

Experiments 

In this experiment, the researchers conducted a meta-analysis of more than a hundred novel algorithms based on 
Naive Bayes, including the following algorithm: 
P(Positive∣x) = log ((P(A∣Positive) / (P(A∣Positive) + n 1)) × (P(B∣Positive) / (P(B∣Positive) + n 2)) × 
(P(C∣Positive) / (P(C∣Positive) + n 3))... × P(Positive)) /P(x) 
P(Negative∣x) = log ((P(A∣Negative) / (P(A∣Negative) + m 1)) × (P(B∣Negative) / (P(B∣Negative) + m 
2)) × (P(C∣Negative) / (P(C∣Negative) + m 3))... × P(Negative)) /P(x) 
First the researchers used the method to convert the value of Hedges' g into "what is equivalent to 100% 
probability?" (calculating the cumulative distribution function value of the Z-score). Then use the corresponding 
percentages to do related calculations using my Bayesian series algorithm. And suppose that the n value and m 
value corresponding to the research document "Lee, Y. F. (2022), TWN" are 1.3, and the n value and m value 
corresponding to the research document "Yilmaz, R. (2023), TR" are assumed to be 1.2. Let the research The n 
and m values corresponding to the document "Alipour, P. (2020), IR" are 1.7. Suppose the n and m values 
corresponding to the research document "Akbari, E. (2016), NL" are 1.6. Suppose the research document " The n 
value and m value corresponding to Vázquez-Cano, E. (2021), ES" are "0.4", assuming that the n value and m 
value corresponding to the research document "Huang, H. L. (2020), TWN" are "0.5", let The n value and m 
value corresponding to the research document "Penichet-Tomas, A. (2018), ES" is "0.8", and the n value and m 
value corresponding to the other 6 research documents are 1. And let P(Positive) and P(Negative) be 0.5. 
The final results calculated using this novel algorithm based on Naive Bayes are as follows: 
P(Positive∣x) = -13.74 
P(Negative∣x) = -35.71 
Since P(Positive∣x) = -13.74 > P(Negative∣x) = -35.71. This shows that the overall effect of the application of 
AI-related technologies in the field of education is positive. In this calculation, the result of this algorithm is 
correct. These more than one hundred novel algorithms based on Naive Bayes can perform related calculations 
more flexibly and accurately, and can cope with a variety of different and complex application scenarios. 
4.6 Experiments on Applying Multiple Series of Novel Algorithms Related to TF, IDF, TF-IDF, and BM25 to 

Meta-analysis 

In this experiment, the researchers used the following algorithm from multiple series of novel algorithms related 
to TF, IDF, TF-IDF, and BM25 as an example to conduct meta-analysis: 
("TF" plus "TF-IDF" (normalize "TF" and "TF-IDF" to 1 before calculation)) 
The researchers used the text content of the "Abstract" of these 13 research documents to calculate the "TF" 
(Term Frequency) and "TF-IDF" values of the text content, and then normalized the values of "TF" and 
"TF-IDF" of the text content to 1. Then, the normalized values of "TF" and "TF-IDF" of the word "education" 
were added together to calculate the final value calculated by this algorithm. Then the ranking is done from high 
to low according to the value, and the researchers set the weights of the rankings 1 to 6 to 1.1 (the original 
Hedges' g value is multiplied by 1.1 as the new Hedges' g value, but the value of Standard error of Hedges' g 
remains unchanged), the weight of the ranking 7 is set to 1 (the values of Hedges' g and Standard error of 
Hedges' g remain unchanged), and the weights of the rankings 8 to 13 are set to 0.9 (the original Hedges' g value 
is multiplied by 0.9 as the new Hedges' g value, but the value of Standard error of Hedges' g remains 
unchanged). 
Then the researchers used the new Hedges' g value calculated by this algorithm to conduct the following 
meta-analysis: 
 
 
 



http://hes.ccsenet.org Higher Education Studies Vol. 15, No. 2; 2025 

199 
 

Table 6. Meta-analysis of the overall effect of the application of AI-related technologies in the field of education 
(using the new Hedges' g value in Section 4.6) 
Index Number of 

studies used 
in the model 

Heterogeneity 
(I2) 

Is there 
publication 
bias? 

Use a fixed-effects 
model or a 
random-effects 
model 

Overall 
 effect 
size 

P-value 95% 
Confidence 
 Interval 

The overall effect of the 
application of AI-related 
technologies in the field 
of education 

13 86.65% Yes Random effects 
model 

0.86 <0.0001 [0.45, 1.28] 

 
The funnel plot and forest plot of the meta-analysis of the overall effect of the application of AI-related 
technologies in the field of education are as follows (using the new Hedges' g value in Section 4.6): 

 
Figure 10. Funnel plot of the meta-analysis of the overall effect of the application of AI-related technologies in 

education (using the new Hedges' g value in Section 4.6) 

 

Figure 11. Forest plot of meta-analysis of the overall effect of the application of AI-related technologies in the 
field of education 
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In this meta-analysis, the overall effect size is 0.86, which shows that the application effect of AI-related 
technology in the field of education is generally positive, and this effect size belongs to the "large effect size" 
range (0.86>0.8). The P value is less than 0.0001, which shows that the overall effect is significant, and the 
overall effect of the application of AI-related technologies in education is statistically significant. The 95% 
confidence interval for the overall effect size was [0.45, 1.28]. This confidence interval does not include zero, 
which further supports that the overall effect of the application of AI-related technologies in education is 
significant and of practical significance. 
4.7 A Series of Novel Algorithms Based on BERT that can Realize Search and Other Functions are Applied to 

Meta-analysis for Experiments 

In this experiment, the researchers conducted a meta-analysis using the following algorithm from a series of 
novel algorithms based on BERT that can implement search and other functions as an example: 
A novel algorithm based on BERT that uses "split the text into word combinations of different lengths" can 
implement functions such as search: As the name of this algorithm does, it splits the text into word combinations 
of different lengths and then "searches for it" Words" and "split word combinations" use BERT to calculate 
similarity to achieve search results. 
The researchers used the text content of the "titles" of these 13 research documents as the "text to be searched," 
selected "AI for education" as the "search term" for calculation, and "split the text into different lengths" The 
highest similarity between "word combination" and "search term" is used as the calculation result. The 
researchers set the weight of rankings 1 to 6 to 1.2 based on the value of this calculation result (replacing the 
original Hedges' g The value is multiplied by 1.2 as the new Hedges' g value, but the value of the Standard error 
of Hedges' g remains unchanged). The weight of the 7th-ranked one is set to 1 (the values of both Hedges' g and 
the Standard error of Hedges' g are unchanged), and the weights of the 8th to 13th rankings to 0.8 (multiply the 
original Hedges' g value by 0.8 as the new Hedges' g value, but the value of the Standard error of Hedges' g 
remains unchanged). 
The researchers then used the new Hedges' g value calculated by this algorithm to conduct the following 
meta-analysis: 
Table 7. Meta-analysis of the overall effect of the application of AI-related technologies in the field of education 
(using the new Hedges' g value in Section 4.7) 
Index Number of 

studies used 
in the model 

Heterogeneity 
(I2) 

Is there 
publication 
 bias? 

Use a fixed-effects 
model or a 
random-effects model 

Overall 
effect 
size 

P-value 95% 
Confidence 
Interval 

The overall effect of the 
application of AI-related 
technologies in the field 
of education 

13 88.51% Yes Random effects 
model 

0.84 <0.0001 [0.39, 1.29] 

 
The funnel plot and forest plot of the meta-analysis of the overall effect of the application of AI-related 
technologies in the field of education are as follows (using the new Hedges' g value in Section 4.7): 
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Figure 12. Funnel plot of the meta-analysis of the overall effect of the application of AI-related technologies in 
education (using the new Hedges' g value in Section 4.7) 

 

Figure 13. Forest plot of meta-analysis of the overall effect of the application of AI-related technologies in the 
field of education 

 
In this meta-analysis, the overall effect size is 0.84, which shows that the application effect of AI-related 
technology in the field of education is generally positive, and this effect size belongs to the "large effect size" 
range (0.84>0.8). The P value is less than 0.0001, which shows that the overall effect is significant, and the 
overall impact of the application of AI-related technologies in education is statistically significant. The 95% 
confidence interval for the overall effect size was [0.39, 1.29]. This confidence interval does not include zero, 
which further supports that the overall effect of applying AI-related technologies in education is significant and 
of practical significance. 
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4.8 A Mixed Model Using A Weighted Random Effects Model and Fixed Effects Model is Applied to 

Meta-analysis for Experiments 

Table 8. Meta-analysis of the overall effect of the application of AI-related technologies in the field of education 
(4.8 A mixed model using a weighted random effects model and a fixed effects model is applied to meta-analysis 
for experiments) 
Index Number of 

studies used in 
the model 

Use a fixed-effects model or a 
random-effects model 

Overall 
effect size 

P-value 95% 
Confidence 
Interval 

The overall effect of the 
application of AI-related 
technologies in the field of 
education 

13 Experiment using a weighted effects model 
with both a random effects model weight of 
50% and a fixed effects model weight of 
50% 

0.88 <0.0001 [0.48, 1.29] 

 
The forest diagram of the meta-analysis of the overall effect of the application of AI-related technologies in the 
field of education (4.8 A mixed model based on a weighted random effect model and a fixed effect model is 
applied to the meta-analysis experiment) is as follows: 

 
Figure 14. Forest plot of a meta-analysis of the overall effect of the application of AI-related technologies in the 

field of education (4.8 A hybrid model using a weighted random effects model and a fixed effects model is 
applied to meta-analysis for experiments) 

 
The researchers conducted experiments using a weighted effects model, which included a random effects model 
with a weight of "50%" and a fixed effects model with a weight of "50%." A total of 13 research documents were 
included in the meta-analysis of the overall effect of applying AI-related technologies in education. These studies 
used different AI-related technologies in the field of education. 
In this meta-analysis, the overall effect size is 0.88, which shows that the application effect of AI-related 
technology in the field of education is generally positive, and this effect size belongs to the "large effect size" 
range (0.88>0.8). The P value is less than 0.0001, which shows that the overall effect is significant, and the 
overall impact of the application of AI-related technologies in education is statistically significant. The 95% 
confidence interval for the overall effect size was [0.48, 1.29]. This confidence interval does not include zero, 
which further supports that the overall effect of applying AI-related technologies in education is significant and 
of practical significance. 
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5. Discussion 

The findings of this meta-analysis provide significant insights into the effectiveness of artificial intelligence 
technologies in educational settings. Through a comprehensive analysis of 13 studies across diverse educational 
contexts, several key themes emerge that warrant detailed discussion. 
5.1 Interpretation of Overall Effect Sizes 

The large overall effect size (0.86) observed in this meta-analysis strongly supports the positive impact of AI 
technologies in education. This finding aligns with Chen et al.'s (2022) comprehensive review of two decades of 
AI in education, highlighting these technologies' transformative potential. The magnitude of this effect is 
particularly noteworthy when compared to typical effect sizes in educational interventions, suggesting that AI 
technologies may offer advantages over traditional educational approaches. 
The varying effect sizes across different AI applications provide important nuance to this overall finding. The 
particularly strong effect size for chatbots and generative AI (1.02) supports Deng and Yu's (2023) findings 
regarding the effectiveness of conversational AI in educational contexts. This may be attributed to these 
technologies' ability to provide immediate, personalized feedback and support, which Ouyang and Jiao (2021) 
identified as crucial elements of successful AI-supported learning. 
5.2 Heterogeneity and Contextual Factors 

The substantial heterogeneity observed across studies (I² values ranging from 54.03% to 93.23%) suggests that 
the effectiveness of AI technologies is significantly influenced by implementation context. Several factors might 
explain this variation: 

1. Educational Level and Subject Matter: The effectiveness appears to vary across different educational 
levels and subject areas, suggesting that AI technologies may be more suitable for specific learning 
contexts than others. 

2. Implementation Approaches: The diverse ways AI technologies are integrated into educational settings 
likely contribute to the observed heterogeneity, highlighting the importance of careful implementation 
strategies. 

3. Student Characteristics: Individual differences in student populations, including prior technology 
exposure and learning preferences, may influence the effectiveness of AI-based interventions. 

5.3 Methodological Innovations and Their Implications 

The novel algorithmic approaches introduced in this study represent important methodological contributions to 
the field. The weighted hybrid model combining random and fixed effects approaches (effect size = 0.88) 
demonstrates the potential value of methodological innovation in meta-analytic research. This approach 
addresses some limitations that Hansen et al. (2022) noted regarding the choice between fixed and random 
effects models in educational research. 
6. Conclusion 

This meta-analysis has provided robust empirical evidence regarding the effectiveness of artificial intelligence 
technologies in educational contexts. Through a systematic examination of 13 studies across eight countries, 
encompassing various AI applications from chatbots to virtual reality systems, several significant conclusions 
emerge. 
The study's primary finding reveals a substantial positive effect of AI-related technologies in education, with an 
overall effect size of 0.86 (95% CI [0.45, 1.27], p < 0.0001). This significant effect size demonstrates that AI 
technologies significantly enhance educational outcomes across different learning contexts and subject areas. 
Particularly noteworthy is the effectiveness of chatbots and generative AI, which showed the highest effect size 
of 1.02 (95% CI [0.45, 1.59], p < 0.0001), suggesting these technologies are up-and-coming for educational 
applications. 
Implementing three novel algorithmic approaches - Naive Bayes-based algorithms, TF-IDF variants, and 
BERT-based search algorithms - has provided additional methodological insights into analyzing educational 
technology effectiveness. The weighted hybrid model, combining random and fixed effects approaches, yielded 
robust results (effect size = 0.88, 95% CI [0.48, 1.29], p < 0.0001), suggesting that this methodological 
innovation offers a valuable tool for future meta-analytic studies in educational technology. 
However, several important considerations emerge from this analysis. First, the substantial heterogeneity 
observed across studies (I² ranging from 54.03% to 93.23%) indicates that the effectiveness of AI technologies 
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varies considerably depending on implementation context, student characteristics, and specific technological 
applications. Second, publication bias suggests the need for cautious interpretation and calls for more 
comprehensive reporting of positive and negative results in future research. 
Looking forward, this meta-analysis points to several crucial directions for future research and practice: 
Educational Implementation: Educational institutions should consider implementing AI technologies, 
particularly chatbots and generative AI tools, while carefully accounting for their specific educational context 
and student needs. 
Research Design: Future studies should address the current limitations by employing larger sample sizes, more 
diverse research designs, and more extended intervention periods to understand AI's long-term impacts on 
education better. 
Methodological Development: The novel algorithmic approaches introduced in this study offer new tools for 
meta-analytic research, warranting further development and validation in different educational technology 
contexts. 
Policy Implications: Educational policymakers should consider these findings when developing guidelines for AI 
technology integration in educational settings while remaining mindful of the heterogeneous effects observed 
across different contexts. 
In conclusion, while this meta-analysis provides strong evidence supporting the positive impact of AI 
technologies in education, it also highlights the complexity of their implementation and the need for continued 
research. The significant positive effects observed across different technological applications suggest that AI can 
potentially transform educational practices substantially. However, successful implementation will require 
careful consideration of specific educational contexts, student needs, and technological capabilities. Future 
research should address the identified limitations while exploring new methodological approaches to understand 
better how AI can best serve educational objectives. 
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Appendix 

Appendix A 

Multiple Series of Novel Algorithms Invented and Proposed by Researchers 
A1 More than one hundred novel algorithms based on Naive Bayes 
When performing calculations, assume that the initial count of each word is 1 (this condition can also be 
omitted), and use whether the numerator of the conditional probability is a certain number (such as 1, 3, 5, etc.) 
as the grouping condition for "n 1", "n 2", "n 3", "n 4", etc. (such as n 1 refers to the conditional probability that 
the numerator of the conditional probability is between 1 and 3) (can be divided into multiple groups as required) 
(regarding "m 1", "m 2", "m 3", etc., they can be divided into the same or different groups according to the same 
or different numerical conditions as the n category). 
Algorithm 1:  
P(Positive∣x) = log ((P(A∣Positive) + n 1) / (P(A∣Positive)) × ((P(B∣Positive) + n 2) / P(B∣Positive)) × 
((P(C∣Positive) + n 3) / P(C∣Positive))... × P(Positive)) /P(x)  
P(Negative∣x) = log ((P(A∣N egative) + m 1) / (P(A∣Negative)) × ((P(B∣Negative) + m 2) / P(B∣Negative)) 
× ((P(C∣Negative) + m 3) / P(C∣Negative))... × P(Negative)) /P(x)  
Algorithm 2:  
P(Positive∣x) = log ((P(A∣Positive) / (n 1 - P(A∣Positive))) × (P(B∣Positive) / (n 2 - P(B∣Positive))) × 
(P(C∣Positive) / (n 3 - P(C∣Positive)))... × P(Positive)) /P(x)  
P(Negative∣x) = log (( P(A∣Negative) / (m 1 - P(A∣Negative))) × (P(B∣Negative) / (m 2 - P(B∣Negative))) 
× (P(C∣Negative) / (m 3 - P(C∣Negative)))... × P(Negative)) /P(x) 
Algorithms 3 to 20 use P(A|Positive) nth power, (n - P(A|Positive)), (n / P(A|Positive)), (P(A|Positive) / n), 
(P(A|Positive) / (P(A|Positive)+n)), (P(A|Positive) multiplied by (P(A|Positive)+n)), (P(A|Positive) × (n 1 - 
P(A|Positive)), (n 1 - P(A|Positive)) / P(A|Positive)), (P(A|Positive) to the (P(A|Positive) power), (P(A|Positive) 
to the (P(A|Positive) power)), (P(A|Positive) to the (P(A|Positive) power) + n 1)” power), (P(A|Positive)’s 
((P(A|Positive) - n 1)” power), (P(A|Positive)’s (n 1 - (P(A|Positive))” power), (P(A|Positive)’s “((P(A|Positive)n 
power), (P(A|Positive)’s “(((P(A|Positive) + n 1) to the power of n 2), (P(A|Positive)’s “(n 1’s ((P(A|Positive))” 
power))” power), (P(A|Positive)’s “(n 1’s ((P(A|Positive)+n 2)” power))” power), (P(A|Positive)’s “(n 1's" 
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((P(A|Positive) minus n 2)" power))" power), (P(A|Positive) "(n 1's" (n 2 minus (P(A|Positive))" power))" 
power). 
Algorithm 21: 
Sort each conditional probability of Naive Bayes (such as descending order). Then grade the sorted conditional 
probabilities (such as grading by 10% and dividing them into 10 levels). Then you can set the weights of 
conditional probabilities that cannot be graded. So that Naive Bayes calculations can be performed more 
accurately. 
Use 
etc. in the corresponding positions 
The above is the first series of algorithms. 
The second series of algorithms: For the numerators of P(A|Positive), etc., perform a series of operations like the 
first series of algorithms. 
The third series of algorithms: For the denominators of P(A|Positive), etc., perform a series of operations like the 
first series of algorithms. 
The fourth series of algorithms: For the denominator (total number of documents in Positive + total number of 
words) in P(A|Positive) (for "total number of documents in Positive" separately), perform a series of operations 
as in the first series of algorithms. 
The fifth series of algorithms: For the denominator (total number of documents in Positive + total number of 
words) in P(A|Positive) (for "total number of words" separately), perform a series of operations as in the first 
series of algorithms. 
The sixth series of algorithms: For the whole prior probability (number of documents in the Positive category 
divided by the total number of documents). Perform a series of operations as in the first series of algorithms. 
The seventh series of algorithms: For the numerator of the prior probability (number of documents in the 
Positive category divided by the total number of documents). Perform a series of operations as in the first series 
of algorithms. 
The eighth series of algorithms: For the denominator of the prior probability (number of documents in the 
Positive category divided by the total number of documents). Perform a series of operations like the first series 
of algorithms. 
There are more than a hundred novel algorithms based on Naive Bayes. 
A2 Multiple series of novel algorithms related to TF, IDF, TF-IDF, and BM25 
There are multiple novel algorithms related to TF, IDF, TF-IDF, and BM25, where TF refers to Term Frequency 
and IDF refers to Inverse Document Frequency. 
A series of algorithms related to TF and TF-IDF are as follows: 
Algorithm 1 (“TF” plus “TF-IDF” (normalize “TF” and “TF-IDF” to 1 before calculation)) 
Algorithm 2 (“TF” minus “TF-IDF” (normalize “TF” and “TF-IDF” to 1 before calculation)) 
Algorithm 3 (“TF-IDF” minus “TF” (normalize “TF” and “TF-IDF” to 1 before calculation)) 
Algorithm 4 (absolute value of the difference between “TF-IDF” and “TF” (normalize “TF” and “TF-IDF” to 1 
before calculation)) 
Algorithm 5 (“TF” multiplied by “TF-IDF” (normalize “TF” and “TF-IDF” to 1 before calculation)) 
Algorithm 6 (“TF” Divide by "TF-IDF" (normalize "TF" and "TF-IDF" to 1 before calculation)) 
Algorithm 7 (divide "TF-IDF" by "TF" (normalize "TF" and "TF-IDF" to 1 before calculation)) 
A series of algorithms related to BM25 and TF-IDF are as follows: 
Algorithm 1 ("BM25" plus "TF-IDF" (normalize "BM25" and "TF-IDF" to 1 before calculation)) 
Algorithm 2 ("BM25" minus "TF-IDF" (normalize "BM25" and "TF-IDF" to 1 before calculation)) 
Algorithm 3 ("TF-IDF" minus "BM25" (normalize "BM25" and "TF-IDF" to 1 before calculation) 1)) 
Algorithm 4 (absolute value of the difference between "TF-IDF" and "BM25" (normalize "BM25" and "TF-IDF" 
to 1 before calculation)) 
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Algorithm 5 (multiply "BM25" by "TF-IDF" (normalize "BM25" and "TF-IDF" to 1 before calculation)) 
Algorithm 6 (divide "BM25" by "TF-IDF" (normalize "BM25" and "TF-IDF" to 1 before calculation)) 
Algorithm 7 (divide "TF-IDF" by "BM25" (normalize "BM25" and "TF-IDF" to 1 before calculation)) 
There are also several series of algorithms that perform similar operations as follows: 
A series of algorithms that perform similar operations using IDF and TF-IDF. 
A series of algorithms that perform similar operations using TF and IDF. 
A series of algorithms that use TF and BM25 to perform similar operations. 
A series of algorithms that use IDF and BM25 to perform similar operations. 
And other series of algorithms 
Of course, you can also use more than two algorithms to perform such similar operations, and use multiple 
algorithms to perform such similar combination operations, such as: 
A series of algorithms that use TF, IDF, and TF-IDF to perform similar combination operations (such as using 
"TF-IDF" + "TF" - "IDF," "TF-IDF" divided by "TF" divided by "IDF," etc.). 
A series of algorithms that use IDF, TF-IDF, and BM25 to perform similar combination operations. 
A series of algorithms that use TF, IDF, TF-IDF, and BM25 to perform similar combination operations. 
Of course, you can also use more than just TF, IDF, TF-IDF, and BM25 to perform such a series of operations, 
and you can also use other series of algorithms to perform related operations, thereby combining them into novel 
algorithms. 
These multiple series of novel algorithms invented and proposed by researchers provide people with different 
options to cope with complex application scenarios, improve the use of related algorithms in various application 
scenarios, and provide other helpful information. For example, more accurately find important words, find words 
that different algorithms may underestimate, find suitable parameters, etc. 
A3 A series of novel algorithms based on BERT that can realize search and other functions 
In this study, researchers invented and proposed a series of novel algorithms based on BERT that can realize 
search and other functions. The main contents are as follows: 
Based on BERT, a novel algorithm can realize search and other functions by "splitting text into word 
combinations of different lengths.": The name of this algorithm is to "split text into word combinations of 
different lengths" and then use BERT to calculate the similarity between "search words" and "split word 
combinations" to achieve search effects. 
Based on BERT, a novel algorithm that can realize search and other functions by "arranging and combining 
different words in the text to be searched in different orders.": As the name of this algorithm, it is to "arrange and 
combine different words in the text to be searched in different orders" and then use BERT to calculate the 
similarity between "search words" and "word combinations of different orders" to achieve search effects. 
A novel algorithm based on BERT that can realize search and other functions by "arranging and combining 
different words of "search words" and "text to be searched" in different orders.": As the name of this algorithm 
suggests, different words of "search words" and "text to be searched" are arranged and combined in different 
orders, and then "search words arranged and combined in different orders" and "text to be searched in different 
orders" are used to calculate the similarity using BERT, to achieve the search effect. 
A4 A hybrid model based on random effect model and fixed effect model using weights 
In this study, the researchers invented and proposed a hybrid model based on the random and fixed effect models 
using weights. The weight of the random effect model is "50%" and the weight of the fixed effect model is 
"50%". The weighted effect model of both (the weight can be set. For example, the weight of the random effect 
model and the fixed effect model are set to 80%, 20%, etc.). This hybrid weighted model can be used when it is 
unclear whether the random or fixed effect models should be used. More accurate calculations and other effects 
can be achieved. 
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Appendix B 

Search strategies 

Google Scholar 
#1. AI for education 
#2. artificial intelligence for education 
#3. AI applications in learning 
#4. machine learning in educational technology 
#5. AI in education 
#6. artificial intelligence in education 
#7. machine learning in education 
#8. deep learning in education 
#9. intelligent tutoring systems 
#10. adaptive learning systems 
#11. AI-powered learning analytics 
#12. chatbots for education 
#13. personalized learning with AI 
#14. ("AI in education" OR "artificial intelligence in education") AND meta-analysis 
#15. ("machine learning" OR "deep learning") AND ("education" OR "learning") AND meta-analysis 
#16. ("intelligent tutoring systems" OR "adaptive learning") AND ("student performance" OR "learning 
outcomes") 
#17. ("AI" OR "machine learning") AND ("higher education" OR "K-12") AND effect size 
#18. ("artificial intelligence" AND "education") AND ("systematic review" OR "meta-analysis") 
#19. ("educational technology" AND "AI") AND ("effectiveness" OR "impact study") 
 
ERIC 
#1. AI for education 
#2. Artificial intelligence for education 
#3. AI applications in learning 
#4. Machine learning in educational technology 
#5. AI in education 
#6. Artificial intelligence in education 
#7. Machine learning in education 
#8. deep learning in education 
#9. intelligent tutoring systems 
#10. adaptive learning systems 
#11. AI-powered learning analytics 
#12. chatbots for education 
#13. personalized learning with AI 
 
Scopus 
#1. AI for education 
#2. Artificial intelligence for education 
#3. AI applications in learning 
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#4. Machine learning in educational technology 
#5. AI in education 
#6. Artificial intelligence in education 
#7. Machine learning in education 
#8. deep learning in education 
#9. intelligent tutoring systems 
#10. adaptive learning systems 
#11. AI-powered learning analytics 
#12. chatbots for education 
#13. personalized learning with AI 
 


