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Abstract. The industrial revolution 4.0 brings the era of society 5.0 which has an impact on various aspects
of life, one of which is the field of education by starting to apply the use of Al in learning. Al is very relevant
to be applied to STEM-based science learning. The purpose of this study is to analyze the effectiveness of
Al-based STEM implementation in science learning, analyze learning media that use Al based STEM, and
analyze the ethics and potential use of Al in future science learning. The research method used is a literature
study on international journal databases on ERIC, Scopus, and Springer. Based on the literature review, it
was found that the implementation of Al based STEM is effective in science learning. Al can increase
creativity, activeness, train technological literacy skills, train problem solving and support to generate
creative ideas. There are also Al learning media that can be applied to STEM learning. In addition, the
implementation of Al use in education also pays attention to the code of ethics so that the use of Al can be
useful. In conclusion, Al based STEM is effective, there are Al based STEM media that have been used in
science learning, and there is potential for the use of Al in science learning in the future.

Keywords: Al, STEM, Al based STEM, Science Learning

1 Introduction

The era of the industrial revolution 4.0 is characterized by the rapid development of digital technology to give birth to
society 5.0 which makes it easier for humans to access information and transformations in various fields of life [1]. The
digitization of technology can support goal 4 of the Sustainable Development Goals (SDGs) related to the quality of
education, including in Indonesia. According to [2] education in Indonesia is far behind other countries, as the results of
the Word Population Review data show that Indonesia is ranked 54th out of 78 countries included in the world education
ranking. Technology-based learning will certainly have a positive impact on student learning outcomes consisting of
student knowledge, skills and attitudes. One of the roles of digital technology in learning is Artificial Intelligence (AI).

Technological developments in the last 5 years have had an impact on the field of education which has begun to implement

the use of Al in learning [3]. In the era of technological transformation, the application of Al plays an important role in
preparing students' future. Based on the results of the 2022 Program for International Student Assessment (PISA) study,
students who use ICT in learning have better performance. Therefore, it is important to implement ICT and Al in learning.
Learning Al is important to understand Al concepts in preparation for future life [4].
Al is very relevant to STEM (Science, Technology, Engineering, and Mathematics) [4]. The implementation of Al based
STEM in learning, especially science, can create effective and fun learning [5]. The integration of Al and STEM can
make it easier for students to complete STEM projects and increase knowledge of Al literacy [6, 7, 8]. The importanceof
implementing Al based STEM in learning is that it can help prepare optimal learning strategies that meet the needs of
students.

The current trend of science learning in the Era of Society 5.0 which is technology-based is starting to be applied in
Indonesia such as the application of Augmented Reality (AR) technology in science learning [9]; the application of Virtual
Reality (VR) technology in science learning [10]; and various other types of technology. This also opens up great
opportunities for the implementation of Al in STEM-based science learning. According to [11] the digitalization of
technology needs to be utilized in line with educational curriculum policies that integrate technology to improve the
quality of learning. However, the application of Al in science learning in Indonesia is still very limited. The limited use
of Al based STEM in science education is due to the uneven digital literacy skills of teachers and the low awareness of
integrating technology in learning [11]. Even though the use of Al based STEM can make it easier for students to
understand science material so that it can improve learning outcomes. Therefore, research with a literature review on the
implementation of AI based STEM in science learning is needed. The purpose of this research is to analyze the
implementation of Al based STEM in science learning, analyze learning media that use Al based STEM, and analyze the
ethics of using Al in education. This research can add the literature review on Al based STEM, provide new thoughts to
educators regarding the effectiveness of using Al based STEM, and its potential in science learning in the future.
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2 Method

This article uses the literature review method. The review in this article covers published research that discusses the
implementation of Al based STEM in science learning. To investigate this review, a data search was conducted on
international journal databases through ERIC, Scopus, and Springer related to the implementation of Al based STEM in
science learning.

The steps used to investigate the implementation of AI based STEM in science learning are as follows: (1)
Analyzing trends in science learning, (2) Identifying research results related to Al based STEM in education, (3)
Analyzing the development of the use of Al based STEM in science learning, (5) Analyzing Al based STEM learning
media in sciencelearning, (6) Identifying ethics in the application of Al
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Fig. 1. Diagram of literature review research methods.

3 Results and Discussion

3.1 Effectiveness of Al-Based STEM in Science Learning

Based on the results of literature studies from previous studies, it was found that the implementation of Al based STEM
was effective in science learning. The effectiveness of implementation of AI based STEM in science learning is
presented in Table 1.

Table 1. Effectiveness of Al based STEM in Science Learning

No Effectiveness of Al-based STEM in Science Learning Studies

1. The implementation of Al based STEM in learning effectively increases  [12], [13]
student activeness in the learning process.

2. Implementation of Al based STEM in learning is a means to train [5]
technological literacy skills.

3. Albased STEM implementation is effective in generating many ideas and [3]
information to support STEM-based creative learning.

4. The implementation of Al based STEM is effective in assisting problem [14]

solving in the learning process.
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5. The implementation of Al based STEM is effective and efficient in [15]
helping teachers prepare lessons. So that it can support teachers'
pedagogical skills.

Some results of [15] systematic review that Al based STEM can be applied to future science learning at the
elementary, middle school, and high school levels. Al is very relevant to be combined with the STEM approach in
science learning. This is in line with the statement that Al is effectively applied to science learning, the combination of
Al with STEM makes it easier for students to complete STEM projects and develop Al literacy skills [6, 7, 8]. The
implementation of Al can innovate STEM learning, enabling collaborative personalized learning, curriculum
modification, increasedlearning productivity, and innovative learning for the future [16]. Al and science complement
each other in learning, Alhelps as a means to solve problems in learning [17]. To implement the application of Al in
science learning requires educators' ability to design new learning designs and new teaching materials, as well as
mastery of Al usage skills [18]. The application of AI based STEM is different from only applying Al without a
STEM approach to learning. In theimplementation of science learning with Al based STEM, in addition to introducing
Al it also applies various disciplines including science, art, and technology in learning science materials [5]. In
addition, differences are also shown in theimplementation of practices in science learning. Learning using Al only is
more towards the practice of personalizedindividual learning according to student needs, while the application of Al
based STEM is more directed towards projectlearning that requires cooperation and collaboration with teammates [4].
Another difference is shown in the assessmentaspect of the assessment used. Science learning that only implements Al
only uses prototype assessment, while in learningthat implements Al based STEM, the assessment used is not only in the
form of prototypes but there are projects, projectpresentations, and reflections on project activities that have been carried
out [5].

Based on table 1, it can be observed that the implementation of Al based STEM is effective in increasing student
engagement, practicing technological literacy skills, helping the problem-solving process, and generating ideas, as well
as supporting creative learning. The implementation of Al based STEM in learning supports teachers to effectively design
learning designs [19]. Teachers can adopt Al-based systems in education because they effectively support teachers'
pedagogical abilities [20]. An important element in implementing technology integration in classroom learning is teacher
professionalism, teachers must be able to have expertise in mastering science and technology to help improve student
learning achievement [21].

3.2 The effectiveness of Al based STEM in science learning

Al based STEM is effectively used in science learning. Al is great relevant combined degan STEM approach to science
learning. This matter in line with a statement that states Al is effective applied to science learning, integration between
Al and STEM makes things easier student in finish STEM projects and develop ability Al literacy [6, 7, 8].
Effectiveness implementation of Al based STEM in science learning is presented in Table 2.

Table 2. Learning Media for Al Based STEM for Science Learning

Learning Media Description Studied By

Creation of Manufacture of environmentally friendly food [22]

degradable smart packaging and food spoilage detection tools with a

packaging coding system.

Paper cutting tool STEM project-based learning using Al to explain [23]

making natural phenomena.

Use of augmented Implementation of augmented reality and virtual reality [24]

reality and virtual in STEM-based science learning.

reality

ARIN-561 Learning media in the form of educational games using [25]
Al based STEM.

Robobo SmartCity Robots that can support learning by using computing [26]
and communication systems.

Chat GPT Helps design learning, brainstorm problems, and obtain [27], [28]

extensive learning resources.

The use of Al based STEM in science learning provides a learning experience that suits the needs of students, both in
the sub-disciplines of biology, chemistry, physics, and earth science. When students feel that the material taught is
relevant to their needs and interests, they are more likely to be actively involved in [29]. In addition, the use of Al based
STEM can achieve better learning outcomes by providing learning materials according to their understanding, students
can overcome their learning difficulties, have higher-level thinking and problem-solving skills, and obtain the expected
learning outcomes [30]. While in another study also mentioned that the application of Al based STEM which integrates
various disciplines including science, technology, engineering, and mathematics to help students solve problems in life
so that learning is meaningful.
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Al based STEM has been applied to science learning. Some previous studies related to the implementation of Al
based STEM include research conducted [22] by designing STEM-based science learning to make degradable food
packaging innovations and food spoilage detection tools using Al technology with coding. Through this learning,
learning becomes active, increases student curiosity, improves problem solving skills that exist in everyday life.
Students become enthusiastic to make appropriate products for their survival by maximizing their high-level thinking,
creative, innovative and collaborative skills. This is supported by computational activities that bring together
programming components suchas algorithm creation and code writing with interdisciplinary.

The research conducted by [23] implemented Al based STEM in science learning by making paper cutters to explain
natural phenomena. Project-based learning activities by integrating different disciplines can make it easier for students to
understand natural phenomena that occur in a picture illustration. When making products, students are able to implement
the knowledge understood and have scientific process skills in an activity of observing, measuring, classifying, making
hypotheses, conducting experiments, recording data, and concluding. Not only scientific skills, students are even able to
develop engineering skills in generating ideas to find solutions by designing a product. Augmented reality (AR) and
Virtual Reality (VR) technologies that are currently developed can also support science learning using Al based STEM
[24]. The characteristics of science materials that are very complex and abstract are often difficult for students to
understand so that the use of AR and VR can facilitate mastery of the material with object visualization.

Artificial Intelligence (AI) has revolutionized the world, becoming an indispensable force across industries, most
notably in the realms of Augmented Reality (AR) and Virtual Reality (VR). AI’s integration with AR and VR has
transformed the way humans interact with digital environments and information. In AR, AI can improve object
recognition and tracking, making digital overlays seamlessly integrate with the real world. Al-driven context awareness
enhances the relevance of information displayed, adapting to user surroundings and needs. Natural language processing
enables more intuitive interaction, allowing users to communicate with AR systems using voice commands or gestures.
In VR, AI plays a critical role in rendering environments. Al-driven algorithms can dynamically adjust lighting,
physics, and interactions in real time, leading to more immersive and realistic simulations. Al also facilitates predictive
hand and body tracking, enhancing user engagement. Personalized content generation tailors VR experiences to users,
ensuring they receive content aligned with their preferences and behaviors.

In addition, there are several Al based STEM learning media used, such as ARIN-561, Robobo SmartCity, and Chat
GPT. ARN-561 is a game-shaped learning media that aims to introduce Al in learning and apply the concept of
mathematical knowledge to learning. This game contains a game of scientists conducting an environmental expedition,
but mistakenly landing on an alien planet. To get out safely from the planet, students must solve problems about the
mystery of the planetand must be able to apply knowledge about Al. This game-based learning uses the Breadth Furst
Search algorithm [25]. The Robobo SmartCity model is designed to introduce Al in education. This model can also be
implemented in STEM learning. Robobo SmartCity is equipped with dc motor components, battery sensors, and a set of
LEDs. This platform uses Bluetooth as communication access. Robobo SmartCity uses high computing and
communication systems and is equipped with sophisticated actuators [26].

The next Al based STEM is ChatGPT which is an AT Chatbots that can be used in learning or assisting learning and
administrative activities in Education. AI Chatbots can be used in STEM-based learning to assist in designing innovative
learning [27]. ChatGPT can be used efficiently to acquire basic knowledge and skills [28]. Based on the systematic results
of the literature, it is known that Al based STEM is effective in increasing student engagement, training technological
literacy skills, helping the problem-solving process, and generating ideas, as well as supporting creative learning. The
implementation of Al based STEM in learning supports teachers to effectively design learning [19]. Teachers can adopt
Al-based systems in education because they effectively support teachers' pedagogical skills [20]. An important element
in implementing technology integration in classroom learning is teacher professionalism, teachers must be able to have
expertise in mastering science and technology to help improve student learning achievement [21]. There are several
ways that ChatGPT can be used across the STEM spectrum:

1. Science: ChatGPT allows students to ask unlimited questions to formulate their own understanding of core subject
matter before they enter the classroom. ChatGPT explained things in simpler language when asked to modify the
responses for a middle school student.

2. Technology: If students are asked to complete coding assignments in their normal IDEs and then ask ChatGPT to
enhance what they created, teachers can not only assess students’ ability to write their own methods but also can
assess if students understand exactly why the optimization tool made the suggestions.

3. Engineering: While having students solve problems using the engineering design process, natural language models
can aid teachers in facilitating instruction. ChatGPT can speed up the process of research problems and give
potential solutions that students they hadn’t considered. Additionally, once students have tested designs, they can
ask ChatGPT to give suggestions for improvements and redesign.

4. Mathematics: a discussion about the specificity of prompts and reading word problems thoroughly has always been
a focus in mathematics. We can further explore this concept using ChatGPT.

The implementation of Al in education has a huge positive impact. However, there needs to be caution for students
and educators in implementing Al during learning [27]. Misuse of Al can violate human rights if its use is not based on
humanitarian principles. Ethical violations in using Al are a topic of discussion that is still questionable today [4].
Therefore, it is necessary to socialize the moral ethics of using Al to students and educators so that the implementation
of Al in education can adhere to ethical codes and respect human rights [31]. The use of Al in STEM research is also still
questionable regarding research ethics, and the copyright of a work and authorship of writing [32].
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The rapid development of digital technology makes it likely that the world of education will rely on AI [33]. All
future jobs will be required to be able to master intelligent machines. Therefore, it is important to equip students with
Al knowledge by designing a curriculum that applies Al to learning [34]. This is because life in the future leads to
mastery of technology including Al, robotics, augmented reality, and other digital technologies. The future direction is
predicted that work and life will be dominated by the use of Al so it is necessary to prepare a generation of Al-literate
students [15]. The implementation of Al based STEM is a bridge to be able to prepare students who can compete in life
in the future. The implementation of AI based STEM will match students' interests so that it not only provides
knowledge in science learning but can increase student learning motivation [35]. This learning motivation can increase
student motivation for a career in Al development. In addition, Al based STEM learning involves a creative process that
hones students' experiences, ideas, and intuition in solving a problem [36]. The implementation of Al based STEM is
important because science education in the future is not only a transfer of knowledge but learning that trains the
improvement of knowledge,attitudes, and skills in preparation for a future career [37].

4 Conclusion

Al based STEM is effective to be applied to science learning. Al based STEM can increase creativity, activeness, train
technological literacy skills, as well as practice problem-solving and support to come up with creative ideas. Al learning
media that can be used in implementing Al STEM-based science learning include creation of degradable smart packaging,
paper cutting tool making, use of augmented reality and virtual reality, ARIN-561, Robobo SmartCity, and ChatGPT.
The use of Al in the field of education is very important to prepare students for future careers in the era of increasingly
massive technological transformation. However, the code of ethics in the application of Al in the field of education must
still be considered. This is because the ethics of applying Al in education are still questionable, so further socialization is
needed in its implementation.

References

1. Fukuda, K. Transformation ecosystem science and technology, technology and innovation towards society 5.0. Journal
International Economy Production, 220, 107460 (2020)
2. Siahaan, R. L. M., Arianti, J., & Thalib, N. Perkembangan Pendidikan Berkualitas di Indonesia: Analisis SDGs 4. Indo-MathEdu
Intellectuals Journal, 4(2), 975-985 (2023)
3. Sari, J. M., & Purwanta, E. Implementation of Artificial Intelligence in STEM-Based Creativity Learning in the Society 5.0 Era.
Journal of Education and Teacher Trainning, 6(2), 433-440 (2021)
4. Lin, CH, Yu, CC, Shih, PK, & Wu, LY. STEM based artificial intelligence learning in general education for non-engineering
undergraduate students. Educational Technology & Society, 24 (3), 224-237 (2021)
5. Fatimah, S., Sarwi, S., & Haryani, S. Artificial Intelligence in STEM Education: A Bibliometric Analysis. International Journal
of Multicultural and Multireligious Understanding, 11 (1), 186-200 (2024)
6. Chen, Lijia, Pingping Chen, and Zhijian Lin. "Artificial intelligence in education: A review." Ieee Access 8 , 75264-75278 (2020)
7. Holmes, W., Bialik, M., & Fadel, C. Atrtificial intelligence in education. In C. Stiickelberger & P. Duggal (Eds.), Data ethics:
Building trust: How digital technologies can serve humanity (pp. 621-653). Globethics Publications, (2023)
8. Kong, S.C., Ogata, H., Shih, J.-L., & Biswas, G. The Role of Artificial Intelligence in STEM Education. Proceedings of the 29th
International Conference on Computers in Education. Asia -Pacific Society for Computers in Education (2021)
9. Ferdinand, J., Soller, S., Hahn, J.U., Parong, J., & Goller, R. Enchancing The Effectiveness of Virtual Reality in Science Education
Through An Experimental Intervention Involving Students' Perceived Usefulness of Virtual Reality, 1-15 (2023)
10. Elkilany, A., & Abas, A. The Importance of Augmented Reality Technology in Science Education: A Scoping Review.
International Journal of Information and Education Technology, 12(9), 956-963 (2022)
11. Zahara, SL, Azkia, ZU, & Chusni, MM. Implementation Artificial Intelligence (AI) technology in Field of education. Journal
Study Science and Education (JPSP), 3(1), 15-20 (2023)
12. Yannier, N., Hudson, S. E., & Koedinger, K. R. Active learning is about more than hands-on: A Mixed-reality Al system to support
STEM education. International Journal of Artificial Intelligence in Education, 30, 74-96 (2020)
13. Mater, NR, Hussein, MJH, Salha, SH, Draidi, FR, Shaqou, AZ, Qatanani, N., & Affouneh, S. The Effect of the integration of
STEM on critical thinking and technology acceptance model. Educational Studies. doi:10.1080/03055698.2020.1793736 (2020)
14. Xu, W., & Ouyang, F. The Application of Al Technologies in STEM Education: A Systematic Review from 2011 to 2021.
International Journal of STEM Education, 9(1), 59 (2022)
15. Ayanwale, Musa Adekunle, Owolabi Paul Adelana, and Tolulope Timothy Odufuwa. "Exploring STEAM teachers” trust in Al-
based educational technologies: A structural equation modelling approach." Discover Education 3(1), 1-22 (2024)
16. Nuangchalerm, P. Al-Diven Learning Analytics in STEM Education. International Journal of Multicural and Multireligious
Understanding, 11(1), 186-200 (2023).
17. Park, J., Teo, T. W., Teo, A., Chang, J., Huang, J. S., & Koo, S. Integrating artificial intelligence into science lessons: Teachers'
experiences and views. International Journal of STEM Education, 10 (1), 61 (2023)
18. Heeg, D. M., & Avraamidou, L. The use of Artificial intelligence in school science: a systematic literature review. Educational
Media International, 60(2), 125-150 (2023)
19. Van Leeuwen A, Knoop-van Campen CA, Molenaar I, Rummel N. How teacher characteristics are related with how teachers use
dashboard: results from two studies cases in K-12. J Learn Analyt, 8(2), 6-21 (2021)
20. Cavalcanti, A. P., Barbosa, A., Carvalho, R., Freitas, F., Tsai, Y. S., Gasevi¢, D., & Mello, R. F. Automatic feedback in online
learning environments: A systematic literature review. Computers and Education: Artificial Intelligence, 2, 100027 (2021)
21. Ayanwale, Adekunle. M., Sanusi. T. L., Adelan. O. P., Aruleba. D. K, and OyelereS. S., Teachers’ readiness and intention to teach
artificial intelligence in schools. Computers and Education: Artificial Intelligence 3, 100099 (2022)



386 A. Widiyatmoko et al.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

Ayverdi, L., Sahin, E., & Sari, U. A STEM Activity for Gifted Students: Biodegradable Smart Packaging Design Through Physical
Computing. Journal of Inquiry Based Activities 13(1), 54-79 (2023)

Lu, S. Y., Lo, C. C, & Syu, J. Y. Project-Based Learning Oriented STEAM: The Case of Micro-Bit Paper-Cutting Lamp.
International Journal of Technology and Design Education 32(5), 2553-2575 (2022)

Owan, V. J., Abang, K. B., Indika, D. O., Etta, O., & Bassey, B. A. Exploring The Potential of Artificial Intellegence Tools in
Educational Measurement and Assessment. Eurasia Journal of Mathematics, Science, and Technology Education 19(8) (2023)
Leitner, M., Greenwald, E., Wang, N., Montgomery, R., & Merchant, C. Designing game-based learning for high school artificial
intelligence education. International Journal of Artificial Intelligence in Education, 33(2), 384-398 (2023)

Naya-Varela, M., Guerreiro-Santalla, S., Baamonde, T., & Bellas, F. Robobo smartcity: An autonomous driving model for
computational intelligence learning through educational robotics. IEEE Transactions on Learning Technologies, 16(4), 543-559
(2023)

Nam, B. H., & Bai, Q. ChatGPT and its ethical implications for STEM research and higher education: a media discourse analysis.
International Journal of STEM Education, 10(1), 66 (2023)

Li, T., Ji, Y., & Zhan, Z. Expert or machine? Comparing the effect of pairing student teachers with in-service teachers and
ChatGPT on their critical thinking, learning performance, and cognitive load in an integrated-STEM course. Asia Pacific Journal
of Education, 44(1), 45-60 (2024)

Mustika, A. Y., Amalia, M. R., Aulia, M. H., Putri, N. M., Alam, N. G., Amri, S. A, & Aisyah, U. K. The Use of Atrtificial
Intelligence (AI) in the Process of Learning Activities in the Basic Science Course of Science Education Students of Semarang
State University. Journal of Analysis, 3(1), 112-122 (2024)

Sakulkueakulsuk, B., Witoon, S., Ngarmkajornwiwat, P., Pataranutaporn, P., Surareungchai, W., Paataranutaporn, P., &
Subsoontorn, P. Kids Making Al: Integrating Machine Learning, Gamification, and Social Context in STEM Education. In 2018
IEEE International Conference on Teaching, Assessment, and Learning for Engineering (TALE), pp. 1005-1010 (2018)

Yang, S. J. H., Ogata, H., Matsui, T. & Chen, N. S. (2021). Human-centered artificial intelligence in education: Seeing the invisible
through the visible. Computers and Education: Artificial Intelligence, 2, 100008 (2021)

Peters, M.A., Jandri¢, P., Irwin, R., Locke, K., Devine, N., Heraud, R., & Benade, L. Going to philosophy publishing academic .
Philosophy and Theory of Education, 48(14), 1401-1425 (2017)

Zhang, H., Lee, L., Ali, S., DiPaola, D., Cheng, Y., & Breazeal, C. Integrating ethics and career futures with technical learning to
promote Al literacy for middle school students: An exploratory study. International Journal of Artificial Intelligence in Education,
33(2),290-324 (2023)

Sanusi, IT, Oyelere, S.S., Vartiainen, H., Suhonen, J., & Tukiainen, M. Develop understanding student school intermediate about
learning machines in African schools. Computers and Education: Intelligence Artificial, 100155 (2023)

Dimitriadou, E., & Lanitis A. Evaluation critical, challenges, and future perspectives in use intelligence artificial and technological
new to the room class clever. Environment Study Smart, 10 (12), 1-26 (2023)

Enderson, M.C., & Ritz J. STEM in education general: Yes competence mathematics influence election course. Journal Studies
Technology, 42 (1), 30-40 (2016)

Lin, CH, Yu, CC, Shih, PK, & Wu, LY. STEM based artificial intelligence learning in general education for non-engineering
undergraduate students. Educational Technology & Society, 24 (3), 224-237 (2021)



The Effectiveness of Implementation of AI Based STEM 387

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	The Effectiveness of Implementation of AI Based STEM and

Potential for Future Science Learning: Literature Review



