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ABSTRACT 
This chapter explores the integration of Artificial Intelligence (AI) into science education, 
emphasizing its theoretical foundations and pedagogical potential. It highlights the 
importance of interdisciplinarity in fostering a more dynamic and personalized learning 
experience. Furthermore, it examines the ethical and epistemological challenges associated 
with this transformation in the educational context. The research adopted a qualitative 
approach, essential for an in-depth exploration of the relationship between Artificial 
Intelligence (AI) and science education. The methodology involved a literature review, 
drawing from sources categorized into three groups: (1) sources on AI, (2) sources on 
science education, and (3) sources discussing the intersection of AI and science education. 
This approach enabled a detailed analysis of the pedagogical, epistemological, and ethical 
implications of this integration. The overarching aim of this study is to explore the 
foundations and possibilities of integrating Artificial Intelligence (AI) into science education, 
with a focus on promoting interdisciplinarity while addressing the ethical and 
epistemological challenges inherent in this pedagogical process. The findings reveal that AI 
can serve as a powerful tool to transform science education, particularly by fostering more 
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personalized and interactive learning environments that enhance interdisciplinarity and 
critical skill development among students. However, the study also underscores significant 
challenges in implementing AI in science education, including ensuring equity, transparency, 
and data privacy, as well as addressing epistemological issues related to the redefinition of 
knowledge and the educator's role. 
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INTRODUCTION 

The integration of Artificial Intelligence (AI) into science education has gained 

increasing relevance, particularly in light of the digital transformations shaping contemporary 

society. Traditional science education, often focused on the linear and disciplinary 

transmission of knowledge, now faces the challenge of adopting new approaches aligned 

with technological innovations. AI, with its capabilities for data processing, machine learning, 

and content personalization, offers novel perspectives for constructing scientific knowledge, 

enabling educators and students to experience more dynamic and interactive teaching 

models. Interdisciplinarity emerges as a key concept in this process, as AI necessitates 

more flexible disciplinary boundaries, fostering a learning experience that mirrors the 

complexity of real-world scientific issues. Moreover, AI has the potential to redefine the 

educator's role, extending it beyond mere content transmission to that of a facilitator of 

autonomous and critical learning (Moura, & Chagas, 2023).  

However, the implementation of AI in science education also raises a series of 

challenges, particularly concerning ethical and epistemological issues. The use of 

technologies that directly influence learning processes requires careful reflection on their 

impacts on both pedagogical methods and students' cognitive structures. Issues such as 

data privacy, algorithmic fairness, and the redefinition of knowledge must be meticulously 

analyzed.  

This research aims to explore these aspects, providing a comprehensive perspective 

on the benefits and limitations of AI in education, with a focus on interdisciplinarity and the 

ethical dilemmas that arise from adopting these technologies. This study adopted a 

qualitative approach, essential for a thorough exploration of the relationship between 

Artificial Intelligence (AI) and science education. The methodology involved a literature 

review, with sources categorized into three groups: (1) sources on AI, (2) sources on 

science education, and (3) sources discussing the intersection of AI and science education. 

This method allowed for a detailed analysis of the pedagogical, epistemological, and ethical 

implications of this integration.  

The primary aim of this study is to explore the foundations and possibilities of 

integrating Artificial Intelligence (AI) into science education, emphasizing interdisciplinarity 

while addressing the ethical and epistemological challenges inherent in this pedagogical 

process.  

The specific objectives are as follows: 1. To present the fundamental concepts of 

Artificial Intelligence and its application in the context of science education, highlighting the 

basic principles guiding its pedagogical use. 2. To analyze the potential contributions of AI to 
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science education, exploring interdisciplinary approaches that promote pedagogical 

transformations and foster dynamic, contextualized learning. 3. To explore how the 

integration of Artificial Intelligence with renewable energies can be utilized to develop 

interdisciplinary approaches in science education, enhancing understanding of scientific and 

technological concepts related to sustainability. 4. To investigate the key ethical and 

epistemological challenges associated with implementing AI in science education, focusing 

on issues such as privacy, fairness, and the transformation of educational knowledge.  

This chapter is organized into four sections to provide a comprehensive analysis of AI 

integration in science education. The first section, Introduction, outlines the central theme of 

the study, contextualizing the relevance of AI in education and addressing interdisciplinary 

and ethical concerns. The second section, Materials and Methods, details the 

methodological approach adopted for the research, including data collection and analysis 

strategies, as well as tools used to investigate the implications of AI in science education. 

The third section, Theoretical Framework, reviews key concepts, theories, and studies on 

the impact of AI and renewable energies in science education, examining their potential and 

the ethical and epistemological challenges arising in this context. Finally, the fourth section, 

Final Considerations, synthesizes the study’s key findings, highlighting the practical 

implications of AI in science education and proposing directions for future research in this 

field.  

 

METHODOLOGY  

The approach adopted in this research was qualitative in nature, as the main 

objective was to understand the complex interactions between Artificial Intelligence (AI) and 

science education, as well as to explore the pedagogical, epistemological, and ethical 

implications of this integration. The qualitative approach is widely recognized in the scientific 

community for its ability to provide deep and contextual insights, enabling a detailed 

analysis of experiences, perceptions, and practices that cannot be easily quantified. Instead 

of seeking numerical generalizations, qualitative research focuses on the interpretation and 

understanding of complex phenomena, which is essential in areas involving education and 

technology, where variables are multifaceted and dynamic.  

Regarding the qualitative approach, González (2020, p. 02) states that:  

 
The qualitative approach refers to a wide range of perspectives, modalities, 
approaches, methodologies, designs, and techniques used in the planning, conduct, 
and evaluation of studies, inquiries, or investigations aimed at describing, 
interpreting, understanding, or addressing social or educational situations 
considered problematic by the social actors who are their protagonists or who, for 
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some reason, have an interest in addressing such situations from an investigative 
standpoint. 

 

The research procedure adopted was a literature review, an essential methodology in 

the construction of scientific knowledge, as it allows for a critical and integrated analysis of 

existing academic works on a given topic. The literature review serves to map the state of 

the art, identify gaps in knowledge, and build a solid theoretical foundation upon which new 

research can be based.  

According to Lunetta and Guerra (2023, p. 03):  

 
The literature review is a research procedure based on existing materials, such as 
books and scientific articles. In many studies, it is common to find research focusing 
exclusively on bibliographic sources. Often, exploratory studies fall into this category. 
Moreover, research aimed at analyzing ideologies and different perspectives on a 
problem is also frequently developed solely based on bibliographic sources. 

 

For this review, the research sources were carefully selected and classified into three 

main categories: (1) sources specific to AI, which address theories, applications, and 

advances in AI; (2) sources specific to science education and renewable energies, which 

discuss pedagogical methodologies and the challenges of this area; and (3) sources 

addressing the relationship between AI and science education, which investigate how AI can 

transform science teaching and the practices and challenges arising from this interaction.  

This classification of sources enabled a more precise and segmented analysis, 

allowing for the construction of a robust discussion on the interconnections between AI and 

science education. The review was conducted through consultations with renowned 

academic databases, articles, books, and recent publications, ensuring comprehensiveness 

that reflected the most relevant and current contributions in the field.  

 

THEORETICAL FRAMEWORK  

To understand the contributions of artificial intelligence (AI) to science education from 

an interdisciplinary perspective, it is essential to construct a theoretical foundation that 

encompasses fundamental concepts as well as the ethical and epistemological implications 

of this technological integration in the educational context. This foundation addresses three 

central aspects that underpin this discussion.  

Firstly, we will explore the fundamental concepts and principles of AI and its 

application in science education, highlighting the key technologies and strategies that 

enhance personalization and efficiency in teaching. This conceptual foundation is 

indispensable for understanding the potential applications of AI in pedagogical contexts 

(Cavalcante, 2024).  
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Subsequently, we will discuss the potential of AI to transform pedagogical practices in 

science education, with a focus on interdisciplinary approaches. This section will emphasize 

how AI can foster the integration of diverse areas of knowledge, enriching learning 

experiences and offering new teaching possibilities aligned with the complexity and 

dynamism of contemporary sciences.  

The third subtopic examines how AI can be integrated into science education to 

connect scientific, technological, and environmental concepts with renewable energy, 

promoting education for sustainability. It will explore opportunities for personalized teaching 

and the significance of this integration in preparing critical citizens capable of addressing 

global environmental challenges.  

Finally, we will address the ethical and epistemological challenges arising from the 

application of AI in education. This subtopic highlights fundamental issues related to 

accountability, technological bias, and the development of a critical understanding of AI tools 

in educational environments, contributing to a balanced and conscious perspective on their 

benefits and limitations. 

 

ARTIFICIAL INTELLIGENCE AND SCIENCE EDUCATION: FUNDAMENTAL CONCEPTS 

AND PRINCIPLES 

Artificial Intelligence (AI) has emerged as a transformative force in education, offering 

new opportunities to enhance teaching and learning. In recent years, the application of AI in 

education has rapidly expanded, ranging from adaptive learning platforms to intelligent 

tutoring systems. These systems are designed to personalize the educational experience by 

adapting to students' individual needs, fostering more effective learning outcomes. AI not 

only facilitates the automation of administrative tasks but also enables educators to focus on 

more complex aspects of teaching, such as developing critical and creative skills in 

students. Thus, the integration of AI in science education represents not just a technological 

innovation but a reconfiguration of pedagogical practices aimed at improving educational 

results (Cavalcante, 2024; Santos, 2024).  

The fundamental concepts of AI include machine learning algorithms and neural 

networks, which underpin many of the current educational tools. Machine learning allows 

systems to analyze large datasets to identify patterns and predict student behaviors, while 

neural networks simulate human brain functions to solve complex problems. This analytical 

and predictive capability is particularly valuable for early identification of learning difficulties, 

enabling quicker and more effective interventions. Furthermore, AI can help create more 

interactive and engaging learning environments by employing techniques such as natural 
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language processing to develop chatbots that provide instant support to students 

(Cavalcante, 2024).  

However, implementing AI in science education is not without challenges. The 

"opacity" of the algorithms used in many AI systems raises concerns about transparency 

and ethics in education. Educators must be aware of the limitations of these technologies 

and ensure that AI complements rather than replaces the human role in teaching. 

Continuous teacher training is crucial for effectively integrating these tools into pedagogical 

practices, ensuring that students not only consume information but also develop critical 

skills to evaluate and question the content presented. Moreover, it is essential to address 

the social and ethical impacts of AI in education, including issues related to student data 

privacy and equitable access to technology (Duque et al., 2023; Siqueira, Wiziack, & Zanon, 

2023).  

It is already evident that the future of AI in science education looks promising, with 

growing interest from researchers and educators in exploring its practical applications. 

International conferences have increasingly focused on discussing the latest innovations in 

educational AI, emphasizing the importance of collaboration across disciplines such as 

computer science, psychology, and pedagogy. As new technologies emerge, including large 

language models used in platforms like ChatGPT, educational institutions must adopt a 

critical and reflective approach to integrating these tools to enhance learning. While the 

potential for AI to transform science education is significant, its success will depend on 

educators' ability to integrate these technologies ethically and effectively into their 

classrooms (Paiva, 2023; Cavalcante, 2024). 

 

THE POTENTIAL OF AI IN SCIENCE EDUCATION: INTERDISCIPLINARY APPROACHES 

AND PEDAGOGICAL TRANSFORMATIONS  

Artificial Intelligence (AI) holds vast potential to transform science education, 

fostering interdisciplinary approaches that connect different areas of knowledge and enrich 

the educational experience. Integrating AI into pedagogical practices enables educators to 

develop more dynamic and adaptive curricula that cater to the diverse needs of students. 

For instance, by using adaptive learning systems, teachers can personalize science content 

based on individual student performance, identifying knowledge gaps and providing specific 

resources to address them. This personalization not only enhances the understanding of 

scientific concepts but also increases student engagement, making learning more relevant 

and meaningful (Cavalcante, 2024).  
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Furthermore, AI can facilitate collaboration across disciplines, helping students see 

connections between science and other fields such as mathematics, technology, and even 

the arts. AI tools can be used to create interdisciplinary projects that encourage students to 

apply scientific concepts to real-world contexts. For example, with AI-based simulations, 

students can explore complex natural phenomena like climate change or chemical reactions 

in a virtual environment. This approach not only fosters a deeper understanding of scientific 

content but also develops essential skills such as critical thinking and problem-solving 

(Oliveira & Silva, 2023).  

The pedagogical transformations driven by AI also include leveraging data to inform 

educational practices. With the ability to collect and analyze large datasets on student 

performance, educators can make more informed decisions about their teaching strategies. 

Predictive analytics can help identify which methods are most effective for different groups 

of students, enabling a more evidence-based approach to science teaching. Additionally, AI 

tools for automated feedback can help students better understand their strengths and 

weaknesses in real-time, promoting a continuous learning cycle (Paiva, 2023).  

Table 1 summarizes the main potentials of AI in science education, as highlighted by 

Cavalcante (2024), emphasizing how these innovations can be practically applied to foster 

more effective and integrated educational practices.  

 

 
Source: Cavalcante (2024) 

 

It is crucial to consider the ethical and social implications of integrating Artificial 

Intelligence (AI) into science education. Central to these concerns is equity in access to 

technology; ensuring that all students have equal opportunities to benefit from these 
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innovations is essential. Moreover, educators must be prepared to address issues related to 

student data privacy and the transparency of the algorithms used in educational tools. 

By adopting a critical and reflective approach to implementing AI in science 

education, educational institutions can maximize the benefits of this emerging technology 

while mitigating its risks. This involves not only training educators to effectively integrate AI 

tools into their teaching but also fostering discussions on the broader societal impacts of AI 

in education, such as the potential for algorithmic biases and the implications of automated 

decision-making processes. 

As highlighted by Siqueira, Wiziack, and Zanon (2023), addressing these challenges 

requires collaboration between educators, policymakers, and technologists to establish 

ethical guidelines and best practices. This proactive approach ensures that the 

transformative potential of AI is harnessed responsibly, contributing to a more inclusive and 

equitable educational landscape. 

 

THE ROLE OF ARTIFICIAL INTELLIGENCE IN SUSTAINABILITY EDUCATION: 

BRIDGING SCIENCES AND RENEWABLE ENERGY 

The integration of Artificial Intelligence (AI) into science education signifies a 

substantial leap forward in fostering sustainability-focused learning, particularly in the realm 

of renewable energy. AI can be utilized to develop interactive and personalized tools, such 

as simulation platforms for solar, wind, and biomass systems. These tools allow students to 

practically and interdisciplinarily explore the scientific and technological principles 

underlying these energy sources. This approach not only makes learning more dynamic but 

also deepens the understanding of the connections between science, technology, and the 

environment (Galvão, Spazziani, & Monteiro, 2018).  

AI-driven predictive models offer another promising application. These models can be 

employed in classrooms to forecast weather patterns, estimate the energy efficiency of 

renewable systems, or analyze the environmental impacts of adopting these technologies in 

various contexts. Such applications enable students to apply their knowledge of physics, 

chemistry, and mathematics to real-world scenarios, addressing contemporary sustainability 

challenges. Moreover, using real data in these models fosters critical thinking and enhances 

problem-solving skills (Oliveira & Silva, 2023).  

AI facilitates interdisciplinarity in science education by integrating knowledge from 

biology, physics, and information technology. Educators can design pedagogical projects 

connecting topics such as the carbon cycle, energy efficiency, and socio-environmental 
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impacts. For instance, students might employ machine learning algorithms to assess the 

feasibility of renewable energy sources for urban or rural communities (Paiva, 2023).  

This interdisciplinary approach not only enriches learning but also demonstrates how 

science can address global challenges. Additionally, AI supports personalized teaching by 

adapting content and pedagogical strategies to individual student profiles. AI-based tools 

can identify gaps in prior knowledge and suggest targeted activities to reinforce fundamental 

concepts related to renewable energy and sustainability (Galvão, Spazziani, & Monteiro, 

2018; Paiva, 2023).  

This individualized approach enhances engagement and the effectiveness of 

teaching, promoting more meaningful learning experiences aligned with student interests. 

Ultimately, the convergence of AI and renewable energy in science education paves the way 

for education to contribute directly to preparing environmentally conscious citizens equipped 

to tackle 21st-century challenges. The interdisciplinarity enabled by these technologies not 

only underscores the relevance of scientific content but also equips students to innovate 

and act ethically toward a sustainable future (Galvão, Spazziani, & Monteiro, 2018; 

Machado & Souza, 2023). 

 

ETHICAL AND EPISTEMOLOGICAL CHALLENGES OF ARTIFICIAL INTELLIGENCE IN 

EDUCATION  

The integration of Artificial Intelligence (AI) into education introduces a range of 

ethical challenges that must be carefully addressed. Among the most prominent dilemmas is 

the issue of student data privacy and security. As educational platforms employ AI to collect 

and analyze information about students' performance and behavior, concerns arise 

regarding how this data is stored, used, and shared. Educational institutions must establish 

clear guidelines for data protection, ensuring students' rights are respected and sensitive 

information is not exposed to third parties without proper consent.  

Beyond privacy concerns, the epistemological challenges posed by AI in education 

are significant. The way AI processes and presents information can influence how students 

construct knowledge. For instance, recommendation algorithms may create informational 

bubbles, limiting students' exposure to diverse perspectives and potentially undermining 

their critical thinking development. It is essential for educators and technology developers to 

consider how AI tools shape learning experiences. They should aim to promote balanced 

approaches that foster intellectual curiosity and critical thinking rather than merely providing 

ready-made answers (Machado, & Souza, 2023; Paiva, 2023).  
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The implementation of AI in education also raises concerns about equity in access to 

technology. Disparities in access to technological resources may exacerbate existing 

inequalities among different social groups. Consequently, educational policies must address 

these disparities to ensure that all students have equal opportunities to benefit from 

technological innovations.  

Addressing the ethical and epistemological challenges of AI should become a core 

component of teacher training programs. Educators must be equipped to navigate an 

increasingly technology-mediated educational landscape. This preparation includes 

understanding the implications of AI for pedagogy and adopting strategies to mitigate 

potential risks while maximizing its benefits (Duque et al., 2023; Machado, & Souza, 2023). 

By fostering a critical and reflective approach to AI integration in education, institutions can 

enhance learning outcomes while upholding ethical standards and promoting equitable 

access to technological advancements. 

 

FINAL CONSIDERATIONS 

The present chapter aimed to explore the foundations and possibilities of integrating 

Artificial Intelligence (AI) in science education, with an emphasis on interdisciplinary 

approaches and the ethical and epistemological challenges associated with this 

transformation. The research achieved its objectives by providing a detailed analysis of the 

basic concepts and principles of AI, its potential in science education, and the challenges 

that arise within the educational context. The qualitative approach, through a literature 

review, was fundamental in understanding the complex interactions between these two 

fields, allowing for an in-depth discussion of the pedagogical and ethical implications of this 

integration.  

The research revealed that AI, combined with the theme of renewable energies, can 

be a powerful tool for transforming science education, particularly by promoting a more 

personalized and interactive learning experience that fosters interdisciplinarity and the 

development of critical competencies among students. However, it also became evident that 

implementing these themes in scientific education involves significant challenges, such as 

the need to ensure equity, transparency, and data privacy, as well as epistemological issues 

related to redefining knowledge and the role of educators. In this regard, the chapter 

demonstrated that while the addressed themes offer transformative potential, their 

application in the educational context must be accompanied by critical reflection on their 

impacts.  
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For future research, it is recommended to deepen the analysis of the real impacts of 

AI in the daily practices of science classrooms through empirical studies involving teachers 

and students. Furthermore, it is essential to investigate continuous professional 

development strategies for teachers regarding the pedagogical use of AI to ensure that the 

implementation of this technology is conducted ethically and efficiently. Research exploring 

the application of AI in specific contexts, such as inclusive education or science teaching at 

different educational levels, is also highly relevant for understanding how these technologies 

can be utilized more effectively and accessibly.  
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