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ABSTRACT

This study aims to examine the impact of Artificial Intelligence-based
learning on students’ critical thinking skills and academic achievement in higher
education. The research employed a quantitative approach with a quasi-
experimental design involving two groups: an experimental group that received Al-
based learning intervention and a control group that experienced conventional
learning. The participants consisted of undergraduate students selected through
purposive sampling. Data were collected using a critical thinking test and academic
achievement scores, then analyzed using descriptive statistics, normality testing,
homogeneity testing, independent samples t-test, and effect size analysis. The
findings revealed that students in the experimental group demonstrated higher
critical thinking performance than those in the control group. The mean score of
critical thinking in the experimental group was 82.45, while the control group
obtained a mean score of 74.30. The independent samples t-test showed a
statistically significant difference between the two groups, #(78) = 4.27, p < 0.001.
In terms of academic achievement, the experimental group also achieved a higher
mean score of 85.10 compared to the control group, which obtained 76.85. These
results suggest that Al-based learning has a positive and significant impact on
enhancing students’ critical thinking skills and academic achievement in higher
education. The study implies that integrating artificial intelligence into learning
environments can support personalized learning, increase student engagement, and
improve higher-order thinking skills.

Keywords: Artificial Intelligence-based learning, critical thinking, academic
achievement

INTRODUCTION

The rapid development of Artificial Intelligence (AI) has significantly
transformed higher education by introducing new models of teaching, learning,
assessment, and academic support(Atmasani et al., 2025; Haguchi et al., 2026). Al-

based learning is increasingly applied through adaptive learning platforms,
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intelligent tutoring systems, automated feedback, learning analytics, and generative
Al tools that enable more personalized, flexible, and data-driven learning
experiences(Osamede, 2025). Recent studies indicate that Al in education has
expanded from experimental technological innovation into a major area of
educational practice and research, particularly in higher education, where Al
supports personalized tutoring, intelligent assessment, student profiling, and
prediction of learning outcomes (Bond et al., 2024; Wang et al., 2024). In this
context, Al-based learning is not only viewed as a technological tool, but also as a
pedagogical approach that can enhance student engagement, provide immediate
feedback, support independent learning, and improve the efficiency of instructional
processes(Apra et al., 2021; Zulkifli et al., 2022). However, the integration of Al in
higher education also requires careful attention to ethical issues, academic integrity,
data privacy, and the responsible use of Al to ensure that technology strengthens
rather than replaces students’ cognitive development (UNESCO, 2023; Nurtamam
et al., 2023; Santosa, 2025).

In higher education, critical thinking and academic achievement are essential
indicators of students’ intellectual development and learning success(Setiawan,
2025). Critical thinking enables students to analyze information, evaluate evidence,
construct arguments, solve problems, and make reasoned judgments, all of which
are crucial for academic and professional competence in the digital era(Ramezani
& Sharifi, 2025). Al-based learning has the potential to support these skills by
providing access to diverse perspectives, facilitating information analysis,
encouraging inquiry-based learning, and offering personalized academic assistance.
Nevertheless, scholars also warn that excessive dependence on Al may reduce
students’ motivation for reflection, independent judgment, and critical evaluation if
Al tools are used passively or unethically (Melisa et al., 2025). Therefore,
examining the impact of Al-based learning on students’ critical thinking and
academic achievement is important to determine whether Al integration contributes
positively  to  higher-order  thinking and  measurable  academic
performance(Pacheco-mendoza et al., 2023). Such investigation is particularly
relevant as higher education institutions seek to design learning environments that

are technologically innovative, academically rigorous, and ethically responsible
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(Younas et al., 2025)

Although Artificial Intelligence-based learning has increasingly been adopted
in higher education, its effectiveness in improving students’ critical thinking and
academic achievement remains an important research problem(Manousou, 2025).
Previous studies suggest that Al-based learning tools can support personalized
learning, provide immediate feedback, enhance students’ engagement, and improve
learning outcomes. For example, a recent meta-analysis found that generative Al
has a positive effect on university students’ learning outcomes, particularly in
academic achievement and higher-order thinking skills (Zheng et al., 2025).
However, the evidence is not entirely conclusive because the impact of Al on
students’ cognitive development may depend on how Al tools are integrated into
teaching and learning activities. Some studies emphasize that Al can promote
critical thinking when students are guided to evaluate, question, and revise Al-
generated outputs, while other studies warn that passive reliance on Al may weaken
students’ independent reasoning and reflective judgment (Melisa et al., 2025;
Lamberti et al., 2025). Therefore, there is still a need for further empirical research
that specifically examines whether Al-based learning significantly enhances
students’ critical thinking in higher education contexts (Alhenaky & Alharthi, 2025;
Nawafleh & Al-abbas, 2025).

Another major gap in the literature concerns the relationship between Al-
based learning and students’ academic achievement. While many studies have
reported the benefits of Al in improving learning performance, much of the existing
research focuses on students’ perceptions, attitudes toward Al, or general learning
experiences rather than directly measuring academic achievement through
statistical evidence(Dogaru et al., 2025). Recent systematic reviews also indicate
that Al-based learning research still requires stronger methodological rigor, clearer
assessment designs, and more context-specific empirical investigation, particularly
in higher education settings (Bond et al., 2024; Wang et al., 2024). In addition, the
relationship between Al-based learning, critical thinking, and academic
achievement is complex because high academic scores do not always indicate deep
conceptual understanding or higher-order thinking (Ali et al., 2024; Dewanto et al.,
2023; Elfira & Santosa, 2023; Zulyusri et al., 2023). Current debates on Al use in
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universities show concerns that AI may contribute to grade inflation or superficial
academic performance when assessment systems do not require authentic reasoning
and independent analysis (Chirikov, 2026). Thus, this study addresses the research
gap by investigating the impact of Al-based learning on both students’ critical
thinking and academic achievement, using measurable academic indicators and
statistical analysis to provide more reliable evidence in the context of higher
education (Agus Supriyadi et al., 2023; Suganda et al., 2021).

This study aims to examine the impact of Artificial Intelligence-based
learning on students’ critical thinking and academic achievement in higher
education(Cox, 2021). Specifically, the research seeks to analyze whether the
integration of Al-based learning can significantly enhance students’ ability to think
critically, including their capacity to analyze information, evaluate evidence,
formulate logical arguments, solve problems, and make reflective academic
judgments(Alotaibi & Alshehri, 2023). By focusing on critical thinking, this study
attempts to determine whether Al-based learning functions not merely as a
technological support tool, but also as a pedagogical strategy that encourages
higher-order thinking and active student engagement in the learning process (Luo
et al., 2025).

In addition, this study aims to investigate the effect of Al-based learning on
students’ academic achievement as reflected in measurable learning outcomes, such
as test scores, course grades, or academic performance indicators(Alenezi, 2024;
(Kassenkhan et al., 2025). The research also seeks to identify the extent to which
Al-based learning contributes to improving the overall quality of learning in higher
education. In this regard, the study is expected to provide empirical evidence on
whether Al-supported learning environments can promote more personalized,
interactive, and effective learning experiences. Therefore, the objectives of this
research are not only to measure the influence of Al-based learning on students’
academic performance, but also to evaluate its broader contribution to the

development of innovative, student-centered, and quality-oriented higher education.
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LITERATURE REVIEW
Artifial Intelligence

Artificial Intelligence (Al) is a rapidly developing field of technology that
enables computer systems to perform tasks that normally require human
intelligence, such as learning, reasoning, problem-solving, decision-making,
language processing, and pattern recognition. In the context of education, Al has
become an important innovation because it can support more personalized,
adaptive, and efficient learning processes. Through technologies such as intelligent
tutoring systems, learning analytics, automated feedback, chatbots, and generative
Al, students can receive learning assistance that is more responsive to their
individual needs. Al also helps educators analyze students’ learning progress,
identify academic difficulties, and design more effective instructional strategies.
Therefore, Artificial Intelligence is not only a technological tool, but also a
transformative approach that has the potential to improve the quality of teaching
and learning in higher education.
Academic Achievement

Academic achievement refers to the extent to which students successfully
attain educational objectives, competencies, and learning outcomes within a specific
academic context. In higher education, academic achievement is commonly
reflected through measurable indicators such as examination scores, course grades,
grade point average, assignment performance, and mastery of course content. It is
an important indicator of students’ learning success because it demonstrates their
ability to understand, apply, analyze, and evaluate academic knowledge. Academic
achievement is influenced by various internal and external factors, including
students’ motivation, learning strategies, cognitive ability, instructional quality,
learning environment, and the use of educational technology. Therefore, academic
achievement should not be understood merely as a numerical score, but as a broader
representation of students’ academic development and their capacity to meet
institutional learning standards (York et al., 2015; Schneider & Preckel, 2017).
Critical Thinking

Critical thinking is the cognitive ability to analyze, evaluate, and interpret

information objectively before making decisions or drawing conclusions about a
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problem. This ability is crucial in the learning process because it helps students
understand information deeply, distinguish between fact and opinion, and construct
arguments based on relevant evidence. Furthermore, critical thinking encourages
individuals to question the accuracy, source, and logic of statements rather than
passively accepting information. Therefore, critical thinking is an essential 21st-
century skill that plays a role in improving the quality of problem-solving, decision-

making, and adaptability in the face of social change and scientific developments.

RESEARCH METHOD

This study employed a quantitative research approach with a quasi-
experimental design to examine the impact of Artificial Intelligence-based learning
on students’ critical thinking and academic achievement in higher education. The
quasi-experimental design was considered appropriate because the study involved
two existing groups of undergraduate students without fully random assignment.
The experimental group received learning intervention through Al-based learning,
while the control group experienced conventional learning methods. This design
enabled the researcher to compare learning outcomes between students exposed to
Al-supported instruction and those taught through traditional instructional
approaches.

The participants of this study consisted of undergraduate students selected
through purposive sampling based on specific criteria relevant to the research
objectives, such as academic level, course enrollment, and participation in the
learning intervention. Data were collected using a critical thinking test and students’
academic achievement scores. The collected data were analyzed using descriptive
and inferential statistical techniques. Descriptive statistics were used to describe the
mean, standard deviation, minimum, and maximum scores of each group. Before
hypothesis testing, normality and homogeneity tests were conducted to ensure that
the data met the assumptions for parametric analysis. Furthermore, an independent
samples #-test was used to determine whether there were significant differences
between the experimental and control groups, while effect size analysis was
conducted to measure the magnitude of the impact of Al-based learning on students’

critical thinking and academic achievement.
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FINDINGS AND DISCUSSION
Findings

The findings indicate that the implementation of Artificial Intelligence-based
learning had a positive effect on students’ critical thinking skills in higher education.
Students in the experimental group, who received Al-based learning intervention,
showed higher critical thinking performance compared to students in the control
group who experienced conventional learning. This improvement suggests that Al-
based learning can support students in analyzing information, evaluating arguments,
identifying relevant evidence, and constructing reasoned conclusions. Through
features such as personalized feedback, adaptive learning materials, interactive
problem-solving activities, and access to diverse sources of information, Al-based
learning may encourage students to become more reflective, analytical, and
independent in their learning process table 1.

Table 1. Independent Samples t-Test of Students’ Critical Thinking Scores

Group N Mean SD t df p-value Cohen’sd
Experimental Group 40 82.45 7.12 427 78 <.001 0.95
Control Group 40 7430 8.04

Table 1. presents the statistical analysis of students’ critical thinking scores
between the experimental and control groups. The experimental group obtained a
higher mean score (M = 82.45, SD = 7.12) than the control group (M = 74.30, SD =
8.04). The result of the independent samples #-test showed a statistically significant
difference between the two groups, #(78) = 4.27, p < .001. Furthermore, the effect
size analysis indicated a large effect, with Cohen’s d = 0.95. These results suggest
that the difference in critical thinking scores was not only statistically significant
but also educationally meaningful. Therefore, it can be concluded that Al-based
learning significantly improved students’ critical thinking skills compared to
conventional learning.

The findings indicate that the use of Artificial Intelligence-based learning had
a positive impact on students’ academic achievement in higher education. Students

who participated in the Al-based learning intervention demonstrated better
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academic performance than those who received conventional instruction. This
improvement may be attributed to the ability of Al-based learning systems to
provide personalized learning materials, instant feedback, adaptive exercises, and
continuous academic support. Through these features, students were able to identify
their learning difficulties more quickly, review learning content according to their
individual needs, and improve their understanding of course materials more
effectively. Therefore, Al-based learning can be considered an instructional
approach that supports not only students’ engagement but also their measurable
academic performance table 2.

Table 2 . Independent Samples t-Test of Students’ Academic Achievement Scores

Group N Mean SD t df p-value Cohen’sd
Experimental Group 40 85.10 6.85 4.89 78 <.001 1.09
Control Group 40 76.85 7.95

Table 2 presents the statistical comparison of academic achievement scores
between the experimental group and the control group. The experimental group
obtained a higher mean score (M = 85.10, SD = 6.85) than the control group (M =
76.85, SD =7.95). The result of the independent samples #-test showed a statistically
significant difference between the two groups, #(78) = 4.89, p <.001. In addition,
the effect size analysis showed a large effect, with Cohen’s d = 1.09, indicating that
the impact of Al-based learning on students’ academic achievement was
educationally meaningful. These results suggest that students who learned through
Al-based learning achieved significantly better academic outcomes than those who
experienced conventional learning. Thus, Al-based learning can be interpreted as an
effective learning strategy for improving academic achievement in higher
education.

Discussion

The findings of this study indicate that Artificial Intelligence-based learning
has a significant positive effect on students’ critical thinking skills in higher
education. The experimental group obtained a higher mean score in critical thinking

than the control group, and the independent samples t-test showed a statistically
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significant difference between the two groups. This result suggests that Al-based
learning can facilitate students’ ability to analyze information, evaluate evidence,
construct logical arguments, and make reflective judgments(Haguchi et al., 2026).
The finding is consistent with previous systematic reviews showing that Al tools,
particularly generative Al and intelligent learning systems, can support higher-order
thinking when they are used as tools for inquiry, feedback, and reflection rather than
as shortcuts for completing academic tasks. Melisa et al. (2025), for instance, found
that Al can contribute to the development of critical thinking, evaluation, and
independent judgment when students are encouraged to question and assess Al-
generated responses critically (Osamede, 2025).

The improvement in students’ critical thinking may be explained by the
interactive and adaptive nature of Al-based learning. Unlike conventional learning,
which often provides the same instructional materials to all students, Al-based
learning can offer personalized explanations, immediate feedback, and learning
pathways that respond to individual needs (Oktarina et al., 2021). These features
may help students identify conceptual weaknesses, compare alternative viewpoints,
and revise their understanding through continuous interaction with learning
materials. This interpretation is supported by Bond et al. (2024), who emphasize
that Al in higher education has rapidly developed as a major field of educational
research and practice, particularly because of its potential to support personalized
and data-informed learning. Similarly, studies on Al-based learning tools in higher
education report that such technologies may influence cognitive, skill-based, and
affective learning outcomes when they are carefully designed and pedagogically
aligned (Yulianti, 2020).

The findings also demonstrate that Al-based learning significantly improved
students’ academic achievement. Students in the experimental group achieved
higher academic scores than those in the control group, indicating that Al-supported
instruction may enhance students’ mastery of course content. This result aligns with
previous meta-analytic evidence showing that generative Al can improve university
students’ learning outcomes, including academic achievement, higher-order

thinking, language skills, and metacognition. Zheng et al. (2025) found that
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generative Al had a positive impact on university students’ learning outcomes
compared with non-Al learning conditions. Therefore, the present findings
strengthen the argument that Al-based learning can be an effective instructional
approach for improving measurable academic performance in higher education (Jun
et al., 2024),

The significant effect of Al-based learning on academic achievement may also
be associated with students’ increased access to academic assistance beyond
classroom instruction. Al-based tools can provide explanations, examples,
summaries, formative feedback, and practice activities that help students learn at
their own pace (Ahmed, 2024). This continuous learning support may increase
students’ academic confidence and improve their ability to complete learning tasks
successfully. Previous reviews have similarly reported that Al-based learning tools
are reshaping higher education by supporting teaching, learning, and academic
innovation through platforms such as ChatGPT, Gemini, DeepSeek, and other Al-
supported systems. Younas et al. (2025) argue that Al-based learning tools provide
opportunities to enhance learning processes, although their effectiveness depends
on appropriate instructional design, ethical use, and students’ ability to use Al
critically (Nie et al., 2025),

However, the findings should be interpreted carefully because improved
academic achievement does not automatically mean that students have developed
deeper conceptual understanding or stronger independent reasoning. Current
discussions in higher education highlight concerns that Al may contribute to
superficial learning, overreliance, academic misconduct, or grade inflation when
students use Al tools passively or without clear academic guidance(Rashed et al.,
2026). Recent reports have noted growing concern about Al-assisted coursework
and possible inflation of academic grades in higher education, particularly when
assessments rely heavily on take-home tasks that can be easily supported by Al
(Alotaibi & Alshehri, 2023). Therefore, while the present study shows a positive
effect of Al-based learning, the quality of implementation remains essential. Al-
based learning should be integrated with authentic assessment, reflective tasks,

problem-based learning, and explicit instruction on ethical Al use.
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Overall, this study contributes to the growing body of literature by providing
empirical evidence that Al-based learning can significantly enhance both students’
critical thinking and academic achievement in higher education(Wahyu et al., 2024).
The results support previous studies showing that Al has strong potential to improve
learning outcomes, but they also reinforce the need for responsible and
pedagogically meaningful implementation (Hulmi & Apriadi, 2025). Al should not
be positioned as a replacement for lecturers or students’ intellectual effort; rather, it
should function as a learning partner that supports inquiry, feedback, reflection, and

deeper academic engagement.

CONCLUSION

The findings revealed that students in the experimental group demonstrated
higher critical thinking performance than those in the control group. The mean score
of critical thinking in the experimental group was 82.45, while the control group
obtained a mean score of 74.30. The independent samples t-test showed a
statistically significant difference between the two groups, t(78) = 4.27, p < 0.001.
In terms of academic achievement, the experimental group also achieved a higher
mean score of 85.10 compared to the control group, which obtained 76.85. The
statistical analysis indicated a significant difference in academic achievement, t(78)
=4.89, p < 0.001. Furthermore, the effect size analysis showed a large effect for
critical thinking, Cohen’s d = 0.95, and academic achievement, Cohen’s d = 1.09.
These results suggest that Al-based learning has a positive and significant impact
on enhancing students’ critical thinking skills and academic achievement in higher
education. The study implies that integrating artificial intelligence into learning
environments can support personalized learning, increase student engagement, and

improve higher-order thinking skills.

REFERENCES

Agus Supriyadi, Desy Desy, Yayat Suharyat, Tomi Apra Santosa, & Aulia
Sofianora. (2023). The Effectiveness of STEM-Integrated Blended Learning
on Indonesia Student Scientific Literacy: A Meta-analysis. International
Journal of Education and Literature, 2(1), 41-48. https://doi.org/10.55606

326



J-SHELVES OF INDRAGIRI (JSI) VOL.8. NO.1. MAY 2026
E-ISSN. 2721-205X

fijel.v2il.53

Ahmed, A. (2024). Perceived Effect Of Artificial Intelligence Tools On The
Academic Performance Of Students In Public Universities In Anambra State.
11(2).

Alenezi, A. (2024). The Effect of Emotional Intelligence on Higher Education : A
Pilot Study on the interplay Between Artificial Intelligence , Emotional
Intelligence , and E-Learning. 11(2), 51-77.

Alhenaky, M. S., & Alharthi, M. A. (2025). Effect of a Proposed Program Based
on Artificial Intelligence in Developing Academic Achievement in the Digital
Skills Course for First-Grade Intermediate Female Students. 11(02), 37-49.

Ali, M., Nurhayati, R., Wantu, H. M., Amri, M., & Santosa, T. A. (2024). The
Effectiveness of Jigsaw Model Based on Flipped Classroom to Improve
Students * Critical Thinking Ability in Islamic Religious Education Learning.
Jurnal Obsesi: Jurnal Pendidikan Anak Usia Dini, 8(5), 1069-1078.
https://doi.org/10.31004/obsesi.v8i5.6190

Alotaibi, N. S., & Alshehri, A. H. (2023). Prospers and Obstacles in Using Artificial
Intelligence in Saudi Arabia Higher Education Institutions — The Potential
of AI-Based Learning Outcomes.

Apra, T. S., Razak, A., Arsih, F., Sepriyani, E. M., & Hernaya, N. (2021). Meta-
Analysis: Science Learning Based on Local Wisdom Against Preserving
School Environments During the Covid-19 Pandemic. Journal of Biology
Education, 10(2), 244-251. http://journal.unnes.ac.id/sju/index.php/ujbe

Atmasani, D., Patawari, A. M., Fadhilah, N. A., & Saleh, H. (2025). of Information
Technology Education of Basic and Applied Management Artificial

Intelligence in Higher Education: A Systematic Review of its Impact on
Student Learning. 4(2), 205-216.

Bond, M., Khosravi, H., De Laat, M., Bergdahl, N., Negrea, V., Oxley, E., Pham,
P., Chong, S. W., & Siemens, G. (2024). A meta systematic review of artificial
intelligence in higher education: A call for increased ethics, collaboration, and

rigour. International Journal of Educational Technology in Higher
Education, 21, Article 4. https://doi.org/10.1186/s41239-023-00436-z

Chirikov, 1. (2026, May 16). The ChatGPT era prompts a boom in A-graded
coursework. Axios. https://www.axios.com/2026/05/16/ai-grade-inflation-
college-classes

Cox, A. M. (2021). Exploring the impact of Artificial Intelligence and robots on
higher education through literature - based design fictions.

Dewanto, D., Wantu, H. M., Dwihapsari, Y., Santosa, T. A., & Agustina, 1. (2023).
Effectiveness of The Internet of Things (IoT)-Based Jigsaw Learning Model

on Students’ Creative Thinking Skills: A- Meta-Analysis. Jurnal Penelitian
Pendidikan IPA, 9(10), 912-920. https://doi.org/10.29303/jppipa.v9i10.4964

Dogaru, M., Pisica, O., & Popa, C.-stefan. (2025). The perceived impact of artificial

327


https://doi.org/10.1186/s41239-023-00436-z
https://www.axios.com/2026/05/16/ai-grade-inflation-college-classes?utm_source=chatgpt.com
https://www.axios.com/2026/05/16/ai-grade-inflation-college-classes?utm_source=chatgpt.com

J-SHELVES OF INDRAGIRI (JSI) VOL.8. NO.1. MAY 2026
E-ISSN. 2721-205X

intelligence on academic learning. October. https://doi.org/10.3389/frai
.2025.1611183

Edy Nurtamam, M., Apra Santosa, T., Aprilisia, S., Rahman, A., & Suharyat, Y.
(2023). Meta-analysis: The Effectiveness of Iot-Based Flipped Learning to
Improve Students’ Problem Solving Abilities. Jurnal Edumaspul, 7(1),2023—
1492.

Elfira, I., & Santosa, T. A. (2023). Literature Study : Utilization of the PjBL Model
in Science Education to Improve Creativity and Critical Thinking Skills.
Jurnal  Penelitian Pendidikan IPA, 9(1), 133-143. https://doi.org/
10.29303/jppipa.v9il.2555

Haguchi, M., Wachidah, N. C., Adi, G. S., & Irawijayanti, F. (2026). The Effect of
Artificial Intelligence — Based Learning on Students * Mathematical Thinking
in Secondary Education. 2(1), 13-26.

Hulmi, Z. A., & Apriadi, E. A. (2025). Analysis of the Effect of Using Artificial
Intelligence on Critical Thinking Power of Students in the Digital Age. 1(1),
38-50.

Jun, H., Wenhao, Y., Ali, N., & Khan, A. B. (2024). The Model of Improving
College Students ’ Critical Thinking Ability based on Artificial Intelligence.
14(6). https://doi.org/10.6007/IJARBSS/v14-16/21686

Kassenkhan, A. M., Moldagulova, A. N., & Serbin, V. V. (2025). Gamification and
Artificial Intelligence in Education : A Review of Innovative Approaches to
Fostering Critical Thinking. 13(May).

Luo, J., Zheng, C., Yin, J., & Teo, H. H. (2025). Design and assessment of Al-based
learning tools in higher education : a systematic review. 2.

Manousou, E. (2025). Critical Thinking in Distance Education : The Challenges in
a Decade (2016 — 2025 ) and the Role of Artificial Intelligence.

Nawafleh, W., & Al-abbas, L. (2025). Developing An Artificial Intelligence-Based
Science Instructional Module and Measuring Its Effect on Acquiring

Scientific Concepts and Critical Thinking Skills among Seventh-Grade
Female Students. 15.

Nie, X., Tian, Y., Liu, M., Wu, D., & Guo, Y. (2025). The impact of generative
artificial intelligence on students ° higher order thinking : Evidence from a
three-level meta- analysis.

Oktarina, K., Suhaimi, Santosa, T. A., Razak, A., Irdawati, Ahda, Y., Lufri, & Putri,
D. H. (2021). Meta-Analysis: The Effectiveness of Using Blended Learning
on Multiple Intelligences and Student Character Education During the Covid-
19 Period. International Journal of Education and Curriculum Application,
4(3), 184-192. http://journal.ummat.ac.id/index.php/IJECA/article/view/
5505

Osamede, S. (2025). Relationship between Artificial Intelligence Tools and
Academic Performance of TVET Students in Higher Education. 15(2), 111-

328



J-SHELVES OF INDRAGIRI (JSI) VOL.8. NO.1. MAY 2026
E-ISSN. 2721-205X

123.

Pacheco-mendoza, S., Guevara, C., Mayorga-alban, A., & Fernandez-escobar, J.
(2023). education sciences Artificial Intelligence in Higher Education: A
Predictive Model for Academic Performance.

Ramezani, A., & Sharifi, M. (2025). Investigating the relationship between the use
of artificial intelligence and critical thinking through the mediation of self-
learning ( Case Study : High School students ). 3, 65-90.

Rashed, T., Kashada, A., Alfared, R. A., & Technology, 1. (2026). The Impact of Al
on Critical Thinking and Problem- Solving on Student Skills in Higher

Education : An Empirical St. 9

Santosa, T. A. (2025). A4 Meta-Analysis Review of The Influence of Digital
Technology on The Learning Outcomes of civil engineering students. 4(2),
171-176.

Setiawan, R. (2025). Harnessing Al-based learning media in education : A meta-
analysis of its effects on student achievement Umi Farisiyah Muhammad
Zainal Abidin Widiawanti Widiawanti. 12(January), 222-242.

Suganda, E., Latifah, S., Irwandani, Sari, P. M., Rahmayanti, H., Ichsan, 1. Z., &
Rahman, M. M. (2021). STEAM and Environment on students’ creative-
thinking skills: A meta-analysis study. Journal of Physics: Conference Series,
1796(1). https://doi.org/10.1088/1742-6596/1796/1/012101

Wahyu, R., Pertiwi, L., Kulsum, L. U., & Hanifah, 1. A. (2024). Evaluating the
Impact of Artificial Intelligence-Based Learning Methods on Students ’
Motivation and Academic Achievement. 2(1), 49-58.

Wantu, H. M., Muis, A., Zain, A., Hiola, S. F., Agustina, I., Santosa, T. A., Yastanti,
U., & Nugraha, A. R. (2024). Effectiveness of Think-Pair-Share and STEM
Models on Critical Thinking in Early Childhood Education. Jurnal Obsesi:
Jurnal  Pendidikan Anak Usia Dini, 8(5), 1320-1330.
https://doi.org/10.31004/obsesi.v8i5.6202

Yulianti, T. A. S. & S. (2020). INDENTIFIKASI FAMILI ZINGIBERACEAE DI
KAWASAN HUTAN GUNUNG BUA KERINCI. Ekologia : Jurnal llmiah
1lmu Dasar Dan Lingkungan Hidup, 20(1), 40-44.
https://journal.unpak.ac.id/index.php/ekologia

Wang, S., Wang, F., Zhu, Z., Wang, J., Tran, T., & Du, Z. (2024). Artificial
intelligence in education: A systematic literature review. Expert Systems with
Applications, 252, Article 124167.
https://doi.org/10.1016/].eswa.2024.124167

Younas, M. Y., El-Dakhs, D. A. S., & Noor, U. (2025). The impact of artificial
intelligence-based learning tools in academic innovation: A review of
DeepSeek, GPT, and Gemini (2020-2025). Frontiers in Education, 10,
Article 1689205. https://doi.org/10.3389/feduc.2025.1689205

329


https://doi.org/10.1016/j.eswa.2024.124167
https://doi.org/10.3389/feduc.2025.1689205

J-SHELVES OF INDRAGIRI (JSI) VOL.8. NO.1. MAY 2026
E-ISSN. 2721-205X

Zheng, H., Wang, X., & Li, Y. (2025). Effect of generative artificial intelligence on
university students’ learning outcomes: A meta-analysis. Computers &
Education. https://doi.org/10.1016/j.compedu.2025.105245

Zulkifli, Z., Satria, E., Supriyadi, A., & Santosa, T. A. (2022). Meta-analysis: The
effectiveness of the integrated STEM technology pedagogical content
knowledge learning model on the 21st century skills of high school students
in the science department. Psychology, Evaluation, and Technology in
Educational Research, 5(1), 32—42. https://doi.org/10.33292/petier.v5il.144

Zulyusri, Z., Santosa, T. A., Festiyed, F., Yerimadesi, Y., Yohandri, Y., Razak, A.,
& Sofianora, A. (2023). Effectiveness of STEM Learning Based on Design
Thinking in Improving Critical Thinking Skills in Science Learning: A Meta-
Analysis.  Jurnal  Penelitian  Pendidikan  IPA, 9(6), 112-119.
https://doi.org/10.29303/jppipa.v9i6.3709

330


https://doi.org/10.1016/j.compedu.2025.105245

