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ABSTRACT

Artificial intelligence (AI) has gained rapid development in the field of
education for improving classroom instruction, assessment and students’
learning outcomes. This meta-analysis specifically focused on the overall
impact of Al on the academic performance of students. Using “Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)”
guidelines, the study synthesized 18 studies retrieved from three databases
Submitted 17 July 2025 (“Directory of Open Access Journals - DOAJ, PubMed, and Google
Scholar”) published between 2015 to June 2025 and used the information

Accepted 10 Dec 2025 extracted from the studies for the analysis. The studies comprised a sample

Published 31 Dec 2025 of 3436 participants from various educational levels fulfilled the inclusion
DOL htps://doi.org/ criteria. For the analysis, the data from the studies was coded and entered
10.5.2587/j;3pps..\/512.1 21 into “Jaffery’s Amazing Statistical Program (JASP) version 0.18.3”. The

results showed that there was a moderate to large (0.62) pooled effect size
under the random-effects model. Moderating effects of four variables, type
of institution, sample size, area of the subject and Al types were examined.
Results depicted that the sample size moderated the effectiveness of Al in
predicting the academic performance of students significantly. However,
other moderating variables, that is, type of institution, area of the subject
and Al type did not show any significant effects. Based on the findings,

the meta-analysis presented practical implications for both policy and
practice.

Keywords: Artificial Intelligence, Academic Performance, Moderators,
Forest Plot, Funnel Plot.
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1. Introduction

Artificial intelligence has gained rapid momentum in all fields of life including education
for the last few decades. The research has found that artificial intelligence has been impacting
all areas of education starting from early childhood care and education to higher education.
Within education, the major areas being impacted by artificial intelligence include students’
learning outcomes, teachers’ learning, classroom teaching, assessment, and tasks related to
management and administration. The foremost outcome of using artificial intelligence can be
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on the overall effectiveness of educational institutions.

There is increasing volume of studies carried out on how artificial intelligence influences
the academic learning outcomes of students in educational institutions (Fu, et al., 2024).
Literature reports that Al solutions provide learning platforms for students in enhancing their
achievements by compensating for lack of qualified teachers, teaching and learning resources,
and traditional teaching processes, and so on. However, there is a need to investigate how Al
relates with the learning outcomes of students. This gap in literature warrants critical reviews
of the existing research and a need to explore the tools of Al and how they are associated with
the performance of students in schools by scrutinizing the recent research. Searching Google
and Google Scholar using the strings of words like ‘Meta-analysis’, artificial intelligence’, and
‘academic achievements’ resulted in only a few reviews (Arar et al., 2025; Bond et al., 2024)
with no major focus only on Al and its relationship with the academic achievements of
students suggesting an intensive meta-analysis on it. The focus of the reviews has remained
around the role of Al in education, classroom instruction, early childhood education, higher
education, teachers’ professional development and so on (Arar et al., 2025; Bond et al., 2024;
Salas-Pilco, et al., 2022a; Sharadgah & Sa’di, 2022). Therefore, a meta-analysis of the Al and
students’ academic outcomes was conducted.

In addition, the findings of the previous research on how Al influences the results of students
is inconsistent. For example, a few studies highlighted the positive impact of Al on academic
performance (Setiawan, 2025; Vieriu & Petrea, 2025; Shahzad et al., 2024; Zhang et al., 2024)
while another group of studies showed negative or hindering results on the academic
achievements of students (Klimova & Pikhart, 2025; Abbas et al., 2024; Basha, 2024; Weck,
2024). Similarly, a few studies also highlighted that there is not any significant relationship
between the technologies and the learning outcomes of the students (Ko¢-Januchta, 2020). In
addition, there are inconsistencies in the methodologies adopted by these studies making it
difficult to draw conclusions from the studies. Therefore, it warranted a meta-analysis
exploring how Al tools influence the academic scores of students.

2. Research Objectives
The objectives of the research were to:
1. explore the Al impact on academic performance of students.
2. investigate the variables moderating the Al impact on academic performance of students.
3. Research Hypotheses
Ho1: There is no statistically significant Al impact on academic performance of students.
Ho2: There is no variable moderating the Al impact on academic performance of students.
4. Theoretical Framework

The interplay of artificial intelligence and the academic achievements of learners in based on Vygotsky’s
social sociocultural theory of cognitive development involving the notion of “zone of proximal
development”. Artificial intelligence supports academic performance through various scaffolding tools
for developing learning of the students including adaptive tools and intelligence tutoring and so on (Roll
& Wyllie, 2016). However, its poorly implemented usage may result in over reliance on it and negatively
affect cognitive abilities of the students (Ng et. al., 2021). Figure 1 depicts the hypothesized relationship
among the artificial intelligence, scaffolding process and the achievements of learners with the
moderating variables for the study.
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Figure 1.

o ) e : :
Artificial Imelligence (Al) Seaffolding Academic Performance

hased Tools Scores. Resulis, Achievements

Moderating Variables
{Research Desipgn. Sample Size
Al Type, Level of Education)

The correlation between artificial intelligence tools and quantitative learning outcomes of
students is not linear rather it is affected and moderated by several other variables. For the
meta-analysis, those variables were included for which relevant data was available in the
extracted and selected studies. The study focused on academic performance of the students
instead of broader learning outcomes as the outcomes may not be quantifiable due to their
broader qualitative nature. In addition, the qualitative aspects of the learning outcomes were
possible to analyze using the software package. Therefore, the academic performance in terms
of marks, scores, cumulative grade point averages were taken.

5. Literature Review

How Al relates Education

Technology has increasingly been developing and evolving in education since its inception
in the early 1900s (Almasri, 2024). However, with the introduction of artificial intelligence
(AI) as a form of education has progressively been used in almost all aspects of education. It
has improved access to education by addressing physical barriers through several online and
distance learning modes. It has also enhanced the learning possibilities for the people for
different physical and other disabilities through various digital assistance aids and other
measures (Setiawan, 2025). In addition to access, it has also been supporting the educational
managers in their administrative tasks while streamlining their activities including students’
admissions and enrollments, managing human and financial resources, scheduling classes and
managing transition, tracking students and other HR attendance and performance and so on.
Technology integrated tools have also been in use for fostering communication among
students, teachers, parents and other stakeholders for managing inquiries and developing
collaborations. Lastly, the analysis of accurate and efficient data helps the policymakers in
taking timely decisions for policy formula and updating it related to all affairs of the schools
(Nunez-Canal, et al., 2026).

Anticipated Benefits of Artificial Intelligence for Classroom Instruction

Artificial intelligence is considered instrumental in transforming the learning process into
educational institutions. On one hand, it assists the teachers in devising student-centered
learning classroom instruction making it more engaging and inclusive for the learners while
on the other hand, Al provides opportunities for students to enhance their learning outcomes
through personalized learning experiences, ensuring their engagements in classrooms and
improving academic scores (Zawacki-Richter et al., 2019).

Al transforms classroom instructions by facilitating teachers in the classroom instruction
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process resulting in improved learning outcomes of the students. For instance, Al provides
teachers with resources and activities for developing engaging and effective lessons for their
classrooms.

Such lessons may help teachers in achieving the lesson goals in more efficient ways while
saving preparation time of teachers. The focus of such lessons will also be on developing
individualized learning plans and activities for catering individual needs and differences of the
learners. In addition, Al-powered tools can also assist teachers in classroom management
through attendance tracking and progress monitoring solutions. Such solutions also contain
automated grading systems for optimizing effective assessment and performance monitoring.
It will free up teachers for arranging other hands-on and minds-on engagements and activities
for students in classrooms. By fostering student-centered activities through Al-powered tools,
the process of teaching and learning can be improved for achieving the improved learning
outcomes of students.

Al also helps in developing personalized learning experiences for the students. For example,
Al can adapt the learning contents for the students based on their needs and interests. It can
also adjust the difficulty level and pace of learning for the students based on their own
personalized needs. Students can also explore relevant resources and activities specifically
tailored to their goals and learning styles. Such resources and activities can help them in
tracking their learning and progress in predefined learning routes considering their self-paced
progress. Similarly, Al powered intelligent tutoring solutions can provide virtual platforms for
the students supporting one-on-one support for learning and offering real-time feedback and
guidance on the tasks completed by the students. Through its chatbots and virtual assistants,
it may also facilitate the students through interactive learning and real time answer the
questions during the one-on-one interactions. Such personalized learning experiences may
support students in developing better understanding of the concepts, enhancing skills, and
acquiring dispositions and resultantly enhancing their academic outcomes.

How do Artificial Intelligence Tools Influence Students’ Achievements?

Review of literature revealed that there is a growing number of studies on the how Al
mediates students’ scores. Most of the studies have reported positive impacts of Al on their
academic learning improving their performance, self-efficacy, engagements, and attitudes
towards education. For instance, Vieriu and Petrea (2025) conducted their study on 85 second
year students who had direct exposure to technologies in their classrooms. The findings
revealed that Al tools significantly predict the achievements of students, such as on their
performance in examination, projects, and examination grades improving their results. A
similar study conducted by Shahzad et al., (2024) on the effects of social media particularly
Al school performance and mental well-being of around 400 university students reported
positive impacts on their learning and well-being. Zhang et al., (2024) also conducted an
exploratory study on 20 university students in Portugal on how Al generated videos impact
their learning outcomes and acceptance using a mixed model. The outcomes of pre-and-post
tests revealed that the Al generated videos and material significantly improved the learning
outcomes of students suggesting Al generating videos and materials as important pedagogical
tools. The previous studies discussed above have explored how Al relates with the school
results of students, however, these studies have fallen short of presenting a comprehensive
synthesis of how Al correlates with the school-based achievements of students. For this
reason, this research systematically analyzed the impact of artificial intelligence on the
cumulative results of students.
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6. Methodology

The study employed “Preferred Reporting Items for Systematic Reviews and Meta-
Analysis” (PRISMA) principles for the analysis of metadata and synthesize the results of
quantitative studies on relationship between Al tools and their impact on the school-based
achievements of students. These guidelines provide a checklist of items for detailed
information about the included studies of the meta-analysis, search strategy, “inclusion and
exclusion criteria” and so on. The detailed report of each step is given. For ethical
considerations, each step of the search strategy, “inclusion and exclusion criteria” of the
studies, number of search results and analysis steps are clearly mentioned for understanding
and reporting. The authors followed ethical principles and guidelines in each step to ensure
transparency and responsibility.

Sources Search Strategy

For searching the sources, a comprehensive search strategy was developed. For this purpose,
three open access databases, namely, “Google Scholar”, “PubMed”, and “Directory of Open
Access Journals” “(DOAJ)”. were identified. These databases were searched using several
keywords. Table 1 presents the lists of keywords for both artificial intelligence and academic
performance.

Table 1. Terms related to Al, Academic Performance and Educational Instituions

Terms Related to Academic Terms Related to Educational
Terms related to Al L
Performance Institutions
Artificial Intelligence Academic performance University
_ _ College
Chatbots Academic achievements School
ChatGPT Learning outcomes Elementary
Secondary
Language processing Results Primary
_ _ Profession
Machine learning Scores Medical
ICT Marks Engineering

The terms mentioned in Table 1 were used by combining one term from column 1 and one
from 2 and using any keyword from column 3. For instance, the key terms were combined as
“Artificial Intelligence and Academic Performance”, “Artificial Intelligence and Academic
Achievements”, “Al and Academic Performance”. Synonyms for academic performance were
also used like achievements, scores, and results.

In advanced search options, different filters were applied, like in category, only journal
articles’, in type, “peer reviewed” articles, and in timeline, articles from “2015 to present”
were selected. Boolean operators like ‘AND’ and ‘OR’ were also used for the precision in
search results. Search results in each database were counted. Then individual articles were
open and read to explore the relevance of each article with the research questions.

Inclusion and Exclusion Criteria

For narrowing down the search and selection process of studies, an explicit “inclusion and
exclusion criteria” were developed. Table 2 presents the criteria.
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Table 1: Inclusion and Exclusion Criteria used in the study

Categories

Areas of
Studies

Publication
date

Publication
type

Research
type

Language

Outcome
Measure

Inclusion Criteria

Studies should contain Al and
students’ learning outcomes in any
form.

The studies should have been
published between 2015 to 2025.

Studies included must be from the
peer-reviewed journal articles.

Studies with different quantitative
research designs were included, like
quasi-experimental or true-
experimental studies, or correlational
surveys etc.

Studies should also report sufficient
data for the extraction of effect size

The studies using English language
were included.

Studies must report quantitative data
on academic performance like marks,
percentages, grades etc.

Exclusion Criteria

Studies without Al and academic performance
or with only general areas of education were
excluded.

Studies published before 2015 were excluded.
The period 20152025 was chosen due to its
relevance to the evolution of Al technologies
such as ChatGPT and adaptive learning
systems.

Studies including reports, proceedings,
unpublished theses, dissertations, or chapters
of the books were excluded.

Studies other than quantitative research
designs including mixed-method studies were
excluded.

Studies written in other languages were
excluded.

Studies that report only perceptions, attitudes
or any other qualitative data were excluded.

Search Selection

The databases selected for the search were explored separately using the keywords and
Boolean operators. The search and selection process is presented in Figure 2.
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Figure 2: Search and Selection Process

Included Databases Google Scholar (n) = 52
Google Scholar, PubMed, and PubMed (n) = 64
DOAJ DOAJ (n) = 181

y

Studies screened and assessed
Google Scholar = 52

PubMed = 64
DOAJ =100 [ Studies excluded by screening titles
and abstracts for studies
\ with irrelevant topics
+» - without Al & SLOs
l published before 2015
published in other than English
Total included studies from other than peer-reviewed articles
Google Scholar = 18 -
PubMed =5
DOAJ (n)=13

In DOAJ database, when search process resulted in 181 indexed articles were found in 19
pages. The titles of first 100 entries (10 pages of search result) were browsed to explore the
relevance of the studies with the research topic. 35 titles of the articles were found relevant
and then the abstracts of the articles were read to explore further relevance of the studies.
Based on the review of the abstracts and inclusion criteria, 13 relevant research articles were
selected for analysis.

The PubMed database was also searched using the keywords. The applied filters were “Free
full text”, “Adaptive Clinical Trial”, “Classical Article”, “Clinical Trial”, “Comparative
Study”, “Controlled Clinical Trial”, “Equivalence Trial”, “Evaluation Study”, “Introductory
Journal Article”, “Periodical Index”, “Randomized Controlled Trial”, “Clinical Trial”,
“Veterinary”, and from “2015 —2025”. The search process reported 64 results. All titles of all
the 64 articles were read and 15 titles were selected based on their relevancy. The abstracts of
15 articles were read based on the “inclusion and exclusion criteria”. After review, 5 articles

were selected due to their relevancy based on the criteria.

“Google Scholar”, the third database, was also searched using the keywords. The search
resulted in 52 index studies. The titles of the articles were read, and 29 articles were selected
for the review of abstracts. After reviewing the abstracts, 18 articles were identified as the
most relevant for the meta-analysis based on the “inclusion and exclusion criteria”.

After finalizing 36 articles from all three databases, the selected articles were reviewed to
explore any possible duplicate articles. Table 3 presents the details of duplicate articles in
databases.
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Table 3. Duplicate articles in database

Total Selected Finalized Removing
. Duplicat
1. Databases Articles uplicates Duplicates
DOAJ & PubMed 18 05 13
DOAJ & Google
Scholar 31 13 18
PubMed and Google 23 05 18
Scholar
DOAJ, PubMed &
Google Scholar 36 18 18

From Table 3, it is evident that there were duplicate articles in any two selected databases
as well as in all the three selected databases. After removing the duplicate articles, 18 research
articles were finalized for the meta-analysis.

Data Extraction from Individual Studies

For the extraction of data from the selected studies, a template was developed for data entry.
The major data entries included, “title of the study”, author(s), “year of publication”,
country/region, study type, sample size, type of Al, academic performance, and name of
journal”. After extracting data from all the selected studies, coding was carried out. The codes
were given to all entries required for analysis through the software, including research design,
sample size, subject area, type of Al used, and education level. The codes and dimensions are
presented in Table 4.

Table 4. Codes and Dimensions

Dimensions Variables Categories
Research related Research Design Experimental, Non-
Characteristics Experimental
Sample Size 1-50, 51-100, 101-300, >300
Opportunity to Learn Grade University, College, School
Al Type Al Interventions, Chatbots,

Gamified Ai, Others

7. Data Analysis

For the analysis of the data, a modified version of an “opportunity to learn (OTL)” model
was used to analyze the effect of Al on the academic performance of students. The analytical
framework developed for the study comprised of the moderating variables, such as research
design, sample size, Al type, and level of education presented in Figure 3.

Figure 3. Analytical Framework of the study

Independent Variable (IV) Dependent Variable (DV)
Artificial Intelligence (AI) 4 Academic Performance

Moderating Variables
e Research Design

e Sample Size

o Al Type
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i. Descriptive Results

The purpose of the meta-analysis was to investigate whether Al predicts the school-based
academic achievements based on the 18 selected studies published between the year 2015 and
2025. The details of the selected research studies are given in Table 5.

Table 5. Research studies selected for the study

Authors Article Title Journal Peer- Indexed In
Reviewed
“Azamatova  “The Effect of Using “Int. J. of Yes “Google
etal. (2023)”  Artificial Intelligence and Education in Scholar”
Digital Learning Tools based  \Mathematics,
on Project-Based Learning Science. and
Approach in Foreign '
Language Teaching on Technology
Students' Success and
Motivation”
“Han et “Analysis of the effect of an BMC Medical Yes “PubMed,
al. (2022)” artificial intelligence chatbot Education” Google
educational program on Scholar
non-face-to-face classes™: “A ’
quasi-experimental study” DOAJ
“Effiong et “Effect of EduGPT artificial “Prestige Journal ~ Yes “Google
al. (2024)” intelligence on academic of Education” Scholar”
performance of educational
technology students™: “A
quasi -experimental study”
“Tong et “The effectiveness of blended ~ “Heliyon” Yes “PubMed,
al. (2022)” learning on students' DOAJ
academic achievement, self- Gooel
study skills and learning 008 e”
attitudes”: “A quasi- Scholar
experiment study in teaching
the conventions for
coordinates in the plane”
“Yang et “The effectiveness of “Interactive Yes “Google
al. (2025)” ChatGPT in assisting high Learning Scholar”
school students in Environments”
programming learning”:
“Evidence from quasi-
experimental research”
“Elsayed et “Teacher support in Al- “Language Yes “DOAJ,
al. (2024)” assisted exams: an Testing in Asia” Google
experimental study to inspect Scholar”

the effects on demotivation,
anxiety management in
exams, L2 learning
experience, and academic
success”
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Authors Article Title Journal Peer- Indexed In
Reviewed
“Eltahir & “The influence of artificial “Electronic Yes “Google
Babiker intelligence tools on student Journal of e- Scholar”
(2024)” performance in e-learning Learning”
environments - Case study”
“Song & “Enhancing academic writing  “Frontiers in Yes “PubMed,
Song skills and motivation”: Psychology” DOAJ
(2023)” “Assessing the efficacy of Google
ChatGPT in Al-assisted )
language learning for EFL Scholar
students”
“Girefe et “ . . MDPI (various Yes “PubMed,
” Investigating the impact of .
al. (2024) the Al supported SE (AI-s5E) journals) DOAJ
instructional model on spatial Google
ability” Scholar”
“Ali et “Impact of artificial “Int. J. of Clinical ~ Yes “Google
al. (2025)” intelligence on the academic Pharmacy” Scholar
performance PubMed”
and test anxiety of pharmacy
students in objective
structured clinical
examination”: “A randomized
controlled trial”
“Liao et “Design and implementation “British Journal Yes “DOAIJ,
al. (2023)” of an AI—enab!ed visual report  of Educational Google
tool as formatlvg assessment Technology” Scholar”
to promote learning
achievement and self-
regulated learning”: “An
experimental study”
“Zhang et “Does ChatGPT-based reading  “Education and Yes “DOAJ,
al. (2025)” platform impact on foreign Information Google
language paper reading? Technologies” Scholar”
Evidence from a quasi-
experimental study on Chinese
undergraduate students”
“Dai et “An embodied, analogical and ~ “British Journal Yes “DOAJ,
al. (2023)”  disruptive approach of Al of Educational Google
pedagogy in upper elementary Technology” Scholar”
education”: “An experimental
study”
“Menckse “Enhancing student reflections  “Computers and Yes “DOAIJ,
et with natural language Education: Google
al. (2025)” processing-based scaffolding”™: A rtificial Scholar”
“A quasi-experimental study Intelligence”
in a large lecture course”
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Authors Article Title Journal Peer- Indexed In
Reviewed
“Klarin et “Adolescents use and “Frontiers in Yes “PubMed,
al. (2024)” perceived usefulness of Artificial DOAJ
generative Al for Intelligence” Google
schoolwork”: “Exploring Scholar”
their relationships with chofar
executive functioning and
academic achievement”
“Almogren et “Integrated technological “Digital Object Yes “DOAJ,
al. (2024)” approaches to academic Identifier (check Google
success”: “Mobile actual journal Scholar”
learning, social media, and name)”’
Al in visual art education”
“Essel et “The impact of a virtual “Int. J. of Yes “DOAIJ,
al. (2022)” teaching assistant (chatbot) ~ Educational Tech Google
on students? learning in in Higher Scholar”
Ghanaian higher Education”
education”
“Baltezarevi¢ &  “Digital game-based “Int. J. of Yes "Google
Baltezarevi¢ learning (DGBL) effecton  Cognitive Scholar”
(2025)” students’ Research in
academic performance” Science,
Engineering and
Education”
“Arkiin- “Video lectures with Al- “Int. Review of Yes “DOAJ,
Kocadere & generated instructors: low  Research in Open Google
Caglar-Ozhan video engagement, same and Distributed Scholar”
(2024)” performance as human Learning”

instructors”

All the studies mentioned in Table 4 used Al based interventions in the experimental or
treatment group while conventional or routine-based teaching in control group. In total, there
were 3436 participants. Of the 18 selected studies, there were 6 (33.3%) experimental, 12
(67%) were non-experimental including quasi-experimental, correlational and mixed-method
research. Regarding the sample size, most of the studies 8 (44.4%) consisted of 51-100
participants, followed by 5 (27.7%) studies with 151 or greater number of participants, 3
studies (16.6%) with 1-50 participants, and 2 studies (11.11%) with 101-150 participants.
Similarly, 10 (55.5%) studies were conducted in university settings, 6 (33.3%) studies in
school and 2 (11.11%) studies in professional college settings. The focus of most of the studies
remained on math, science or other similar disciplines 7 (38.8%), followed by technology 6
(33.3%) and language 5 (27.7%). Most of the studies 9 (50 %) either used gamification, mobile
application and other forms of artificial intelligence, followed by ChatGPT 5 (27.7%), and
Chatbots 4 (22.2%).

For analyzing the data, Jaffery’s Amazing Software Program (JASP) version 13 was used.
The analysis of the data mainly included calculating pooled effect size from the individual
effect sizes from the studies to explore the overall relationship between Al and academic
performance of students in academic settings. “Hedge’s g” was calculated to reduce sampling
bias which is mostly evident in small samples, and it is evident in Cohen’s d. Hedge’ g
statistically reduces this bias. For exploring the pooled effect size, random effects model was
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used as the studies selected for the research vary in terms of research design, population and
sample size, and other methodological variations. Q-statistics are used to show level of
heterogeneity in effect sizes while heterogeneity explains the degree of differences or
variability in effect sizes. were used to justify the random effects model as the Q-statistics
were significant, suggesting the heterogeneity of the true effect sizes among the studies. Forest
plot was used for visual summary of the pooled effect size as well as the effect sizes and
confident intervals of each study for their relative weight in the meta-analysis. For the analysis
of the moderators, a direct module in meta-analysis was not available in the software.
However, there was an option of using R console in the program for using script to compute
the effects of moderators. For this purpose, scripts were prepared and used for the analysis of
moderators in R console. Results retrieved by running the script were then formatted in tables
for presentation and interpretation (Table 4 to 6).

Overall Effect Size

For analyzing the variability across 18 effect sizes, heterogeneity analysis was carried out.
Results revealed that (Q [18]=199.75, p <.017, I>= 95 %) there is substantial variation among
the effect sizes suggesting that this variable may not be because of the sampling error rather
than between-studies differences. The results also showed that the variance the variability
among effect sizes was partly affected by other variables suggesting a need for the moderators’
analysis. Based on the results of variability and the various characteristics of the study
including different designs, Al types, level of institutions etc., random-effects model was used
for the analysis of the data.

For exploring the patterns of overall effect size, a test of the pooled effect size was employed.
Results are presented in Table 5.

Table 6: Pooled Effect Size

Estimate  Otndard t df p 95% CI 95% PI
Error
0.62 0.23 270 16000 0017 013 111  -127 2.5

Results indicated that there is a significant pooled effect size d = 0.62, Standard Error =
0.23, t(18) =2.70, p=0.017, [95% CI [0.13, 1.27]. These results indicate a moderate to large
overall effect size across all the studies. The 95% Prediction Interval (PI) values ranged from
-1.27 to 2.50 indicating an average positive effect with large variation in true effect size within
the individual studies. These variations are beyond what could be expected by chance
suggesting a random-effect model for analysis. The effects of individual effect sizes of the
studies on the overall effect size and the pooled effect size are presented in Figure 4.
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Figure 4. Forest Plot Depicting Effect Sizes
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Figure 4 depicts the effect sizes of 18 studies and the heterogeneity with a confidence
interval of 95%. The lines horizontally shown in the plot depict intervals of confidence for
each study. The wider lines reflect higher uncertainty in the estimates of their effect sizes. The
sizes of the squares within each horizontal line showed the assigned weight for each study
during analysis of the data from each study. The larger size of the square shows the studies
with larger precision particularly due to their bigger sample sizes. The given diamond at the
bottom of the larger horizontal line (x-axis) represents the weighted average of the effect sizes
with confidence interval of 95% calculated through random effect model which explains the
between-studies variability.

During the analysis, it was already found that there were large variations in true effect size
within the individual studies suggesting a random-effect model for analysis; therefore, random
effect model was used. The forest plot highpoints the high-level variability in the effect sizes
across all 16 studies as evident in the overlapping broad and confidence intervals.
Additionally, the plot also shows that most of the effect sizes and their confidence intervals
are on the same side of the line suggesting moderate heterogeneity.

In the forest plot, the diamond is on the left side of zero which is also evident from the
pooled effect size (0.62) highlighting a positive effect size in favor of the treatment variable,
that is, the impact of artificial intelligence on the academic performance of students. Similarly,
the diamond and the confidence intervals do not cross the vertical line at zero showing that the
effect size is statistically significant.

To explore the effects of moderators on the effectiveness of Al on students’ academic
performance, four moderating variables, that is, research design, sample size, Al type and level
of education were taken. Analysis was carried out to explore the weighted effect sizes of the
moderators and results are presented in Table 7.
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Table 7: Moderators’ Analysis

Variable Category K Hedge's g Ow df p 0b D
Mean SE
El-‘yslt’fm‘;fon 187 0.392
University 10 1.027 0351 6176 9 <0.001
College 2 0942 1288 1890 1 <0.001
School 6 0318 0257 9442 5 <0.001
Subject Area 341 0.182
of Intervention | = suage 5 08 029 6091 4 <0.001
Technology 6 065 041 3392 5 <0.001
Math/Science 7 1.04 028 2931 6 <0.001
Size of 26.84 <0.001
Sample 1-50 3143 033 2513 2 <0.001
51-100 8§ 094 022 13239 7 <0.001
101-150 2 044 018 1158 1 0010
>150 5 004 011 295 4 001
Al .09 0.780
Intervention - - (GPT 5 072 032 3067 4 <0.001
Chatbot 4 105 025 17247 3 <0.001
g;r;igzxgil 9 092 044 1641 8 <0.001

According to the results presented in Table 6, the type of institution moderated the impact
of Al interventions on the academic performance of students non- significantly [Qb = 1.87, df
=3, p = 0.392]. Breaking down the results by level of institutions provide significant insights.
For example, the level of institutions for university context yielded a moderate to high effect
size (g = 1.03) with a substantial variability (Q = 61.76, df =9, p <.001). Similarly, college
level education resulted in a moderate to high effect size (0.94) with a considerable low
variability (Q = 18.90, df = 1, p <.001). Lastly, the school level education showed a low effect
size (0.318) with a considerable high variability (Q =94.42, df =17, p <.001). These results
suggest a more robust investigation into how the impact of moderators can be further explored
for nuanced insights.

The analysis of second moderator in Table 5 revealed that the effect of the subject area as a
moderator on the impact of Al on the academic performance of students was also non-
significant [Qb = 3.41, df = 3, p = 0.182]. Further analysis depicted that the effect size for
language area was moderate to high (0.82) with a moderate variability (Q = 60.91, df =4, p <
0.001). The effect size for Al intervention on technology related fields was also moderate to
high (0.65) with a comparatively low variability (Q =33.92, df =5, p <001). Lastly, the effect
size for the intervention of Al on area of match, science and other disciplines showed a high
effect size (1.04) with a considerable low variability (Q =29.31, df =6, p <0.001).
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These insignificant results suggest that there would be other factors which need to be
considered rather than the role of the subject area of Al intervention.

The third moderator of the study was the sample size. The overall effect size for this
moderator was significant showing that the sample size significantly influences the academic
performance of the study [Qb = 26.84, df =4, p <0.001]. The breakdown of results by groups
sample sizes reported that the sample with a size of 1-50 participants had a high effect size
(1.43) with a low variability (Q = 25.13, df = 2, p < 0.001). The effect size for the second
sample group with size 51-100 participants was also moderate to high (0.94) with a very high
variability (Q = 132.39, df =7, p <0.001). The third group of studies with sample size of 101-
150 participants had a low effect size (0.44) with a very low variability (Q =0.18,df=1,p <
0.001). Lastly, the group of studies with sample size higher than 150 participants also had a
very low effect size (0.04) with again a very low variability (Q = 0.11, df = 4, p < 0.001).
These results propose that the sample size could be an important factor which may need to be
considered while exploring its impact on the overall influence of Al on school-based academic
results.

The last moderator of the study was the type of Al used in the studies. According to results
presented in Table 5, the type of Al had no significant effect on the academic performance of
the students [Qb = 1.09, df = 4, p = 0.78]. Further breakdown of the type of Al showed that
ChatGPT has a moderate to high effect size (0.72) with a low variability (Q =0.32, df =4, p
<0.001). The effect size for Chatbots was high (1.05) with a low variability (Q = 0.25, df =3,
p < 0.001) while the effect size for Gamified and other forms of Al was also high (0.92) with
a low variability (Q = 0.44, df = 8, p < 0.001). The low variability results recommend that
other methodological and contextual factors need to be included for a more robust analysis
instead of the type of Al used in the study.

Publication Bias
The publication bias was explored using funnel plot presented in Figure 5.

Figure 5. the Funnel plot of publications
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Figure 5 shows that there is slight asymmetry depicting a small degree of potential
publication bias. It is evident from the plot that there was a comparatively higher
representation of the studies with large effect sizes given on the rightward of the plot while no
study on the left side. As there is a small asymmetry, therefore, it does not have any significant
effect on the pool effect size of the study. A few studies with moderate standard error fell
outside the expected range evident in the plot, however, their influence appeared limited in the
meta-analysis. As most of the studies are clustered around the pooled values, therefore, it
shows that the results are reliable. Hence, the findings of the meta-analysis are trustworthy
and provide significant insights into the impact of artificial intelligence on academic
performance of the students.

8. Discussion

This meta-analysis examined the impact of artificial intelligence on the academic
performance of students. It used data from 18 research articles from different research journals.
The analysis revealed that the impact of Al on the academic performance of students was
positive as well as statistically significant. There was a moderate to large overall effect size
under the random effect model. This positive effect of the meta-analysis was aligned with the
results of the previous meta-analysis of Sun and Zhau (2024). This result suggests that when
students are engaged in their learning process through the integration of artificial intelligence
tools, they show better performance as compared to their counterparts. This difference can be
as broader as 0.62 standard deviations from traditional learning settings. The major Al tools
which may help in enhancing students’ academic performance include gamified Al tools,
machine learning, Chatbots and ChatGPT. These tools provide personalized teaching ensuring
differentiated instruction and timely feedback to students. Such tools help students identify
their progress and predict their performance through different adaptive learning systems.

From the moderators’ analysis, it was evident that sample size significantly impacted the
academic performance of students. Therefore, it was evident that the sample size influences
the effectiveness of Al technologies on the academic performance of students and this finding
corroborates with the findings of Zheng et al., (2021). The further breakdown of the results
into sample groups revealed that the effect size for the sample group with 1-50 participants
had the highest effect size as compared to other sample size groups. This finding proposes that
studies with comparatively smaller sample sizes may depict larger effect sizes as compared to
those with larger samples sizes. Dong et al. (2025) proposes that this result may be due to
small sample size studies carried out in more environments which are more controlled in which
interventions of AI might be designed addressing the specific needs and characteristics of the
participants. The finding also suggests that it might be challenging in studies with larger
sample size to create a personalized learning environment and achieve higher academic
performance due to greater variations in the learning context as well as in personal
characteristics of students (Nelson et al., 2015; Salvin & Smith, 2009).

However, the study did not find any significant effects of types of institutions, subject areas
and types of Al tools as moderators on the effectiveness of Al on academic performance of
students. This finding of the study is supported by the findings of the study of Steenbergen Hu
and Cooper (2013) as they also found similar results. From these similar results, it can be
hypothesized that the insignificant effects of types of institutions, subject areas and types of
Al tools as moderators on the effectiveness of AI might be common in such similar studies.
However, there is a need to conduct around these effects of moderators on the role of Al in
academic performance of students to validate the assumption.
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9. Limitations of the Study

The study has a few limitations. Firstly, the study used 18 research studies from which 3
studies did not use any experimental and control groups. Therefore, the interpretations of the
findings need to be made in cautious as the study did not compare both types of groups.
Secondly, the meta-analysis used studies from different levels of education, therefore, using
these findings for specific settings other than the ones used in the meta-analysis should be
considered carefully. Thirdly, the meta-analysis used only four moderators for exploring
whether they influence the effectiveness of Al on academic performance of students, there
could be other factors like students’ socioeconomic backgrounds, teacher and school related
factors and classroom environment which may also affect the effectiveness of Al and these
variables were not controlled. Lastly, the meta-analysis used only three databases, and the
meta-analysis used studies from the three databases. There would be more relevant studies in
other databases which this meta-analysis might have missed. Inclusion of those studies from
other databases may report different results.

10. Conclusion and Implications

This study examined the overall effect size of Al on academic performance of students using
meta-analysis and reported a positive effect of AIl. The meta-analysis synthesized different
previously conducted studies and contributed to understanding of the current status of Al and
its effectiveness on academic performance of students. The study also examined the
moderating variables and their effects on Al and its effectiveness, including type of
institutions, sample size, subject area, and type of Al tools and found sample size as a
significant moderator.

Based on the findings, teachers should be encouraged to plan and implement Al
interventions for improving academic achievements of students at all levels. For this purpose,
educational managers should encourage teachers to use Al tools for improving the
effectiveness of their classroom instruction. Educational institutions may provide such tools
for the teachers and arrange professional development activities for integrating these tools in
their teaching. Specifically, the highest effect size at university level education shows that
there is a need to improve teaching and learning process at university classes through the
integration of Al tools. As the effect size for science, mathematics and relevant subject areas
was highest, it might be due to the reason that AI might have created such opportunities and
experiences for students through which the abstract and complex concepts of science and
mathematics are made easy for students to understand. Therefore, the structured and
continuous use of Al tools in these and other subjects to be made in teaching and learning
process (Zheng, et al., 2021). Finally, in this meta-analysis, there were three research studies
which didn’t provide complete information about their studies due to which effect size for the
studies could not be computed. Therefore, it is suggested to researchers provide complete
details and statistics of their studies because incomplete statistics may limit their usability in
future studies (Hwang, 2022).
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