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Abstract 

This article looked into how AI technologies can advance instructional strategies as well as 

enhance learning outcomes in science classrooms. The scope includes various applications such 

as personalized learning platforms, intelligent tutoring systems, and data analytics tools that 

provide insights into student performance, as well as AI tools used while teaching science. By 

integrating AI, educators can tailor lessons to meet individual student needs, foster engagement 

through interactive simulations, and streamline administrative tasks. Additionally, the use of AI 

can facilitate collaborative learning experiences and promote critical thinking skills. Overall, this 

topic emphasizes the transformative potential of AI in creating a more effective and inclusive 

science education environment. The paper suggests embracing digital platforms enabled by AI on 

leverage to immense benefits they offer in advancing teaching and learning of science.  

Keywords: AI Application, Science Instruction, Educator Support, Learning Improvement, 

Technology Integration in Education 

INTRODUCTION 

Artificial intelligence (AI) in this digital era, has emerged as a transformative force in education, 

with the potential to redefine how subjects are taught and learned (Lytras, Serban, Alkhaldi, 

Aldosemani & Malik, 2024). AI tools are now integrated into classrooms through personalized 

learning platforms, intelligent tutoring systems, and virtual laboratories. These technologies are 

reshaping the learning experience by offering students more interactive, tailored, and accessible 

pathways to understanding scientific concepts (Luckin, Holmes, Griffiths, & Forcier, 2016; Roll, 

& Wylie, 2016). 

Science education, in particular, stands to benefit from AI integration due to its inherently inquiry-

based and problem-solving nature. Traditional methods often fall short in accommodating diverse 

learners, especially in multilingual or under-resourced contexts (Cooper, 2024). AI tools can 
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address these limitations by analyzing learner data in real time and adapting content to individual 

needs, offering differentiated instruction that promotes mastery learning (Zawacki-Richter, Marín, 

Bond, & 2019). Moreover, immersive AI-powered simulations and virtual labs provide cost-

effective and scalable alternatives to physical experiments, thus enhancing conceptual 

understanding and student engagement (Bekteshi, 2025; Javali, Raj, Shaw, Devi, Kumar, & Andy, 

2025). 

Importantly, AI also empowers educators by automating routine administrative tasks such as 

grading, attendance tracking, and progress monitoring, allowing them to allocate more time to 

student-centered instruction and mentorship (Popenici & Kerr, 2017). AI can assist with grading, 

particularly for open-ended questions and rubric-based assessments, but teachers should carefully 

review the results before sharing them with students. However, effective integration of AI in 

science education also demands careful consideration of data privacy (any information related to 

students should not be exposed), ethical use, equity (which might be hard to implement), and the 

professional development of teachers (Luckin, Holmes, Griffiths, & Forcier, 2016; UNESCO, 

2021). 

This paper explores the practical uses of AI in science education across secondary schools, higher 

education, and teacher training institutions. It highlights real-world, globally accessible tools and 

applications that can support classroom instruction, curriculum design, and institutional decision-

making. Through evidence-based examples, the paper offers educators a roadmap to utilize AI in 

meaningful and responsible ways, which may ultimately promoting deeper learning, critical 

thinking, and inclusive science education. 

AI Application in Science Education 

AI is increasingly integrated into science classrooms worldwide, offering tools that adapt 

instruction to individual students and automate routine tasks. By analyzing student performance 

data and learning preferences, AI-driven systems can tailor content and pacing to each learner’s 

needs (Raza, 2023). For example, satellite schools with ICT-enabled systems use AI algorithms 

continually to assess students’ progress in mathematics and sciences and adjust exercise difficulty 

to maintain an optimal learning challenge. Similarly, ChatGPT and other large language models 

can provide individualized explanations and hints. In this kind of platforms, (a GPT-4-powered 

tutor for instance), the system prompts students to work through problems by asking guiding 

questions rather than giving answers outright. They do not necessarily need access to a specified 

gateway linked to their various institutions but can use ChatGPT or other AI tools directly for 

tutoring, either through written or spoken interaction (Peikos & Stavrou, 2025). Early studies 

indicate such chatbots can create more “productive struggle” and adapt to each student, though 

their effectiveness is still being evaluated (Extance, 2023). These adaptive approaches can be used 

across secondary schools and higher education; for instance, AI-assisted homework helpers and 

tutoring chatbots are piloted in schools around the world with over 28,000 US students using 

Khanmigo in 2023, and China’s TAL Education Group developed a math-specific large language 
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model (LLM) named MathGPT to assist students (Extance, 2023). By contrast with one-size-fits-

all lessons, AI-powered personalization helps meet diverse learners’ needs in science subjects such 

as physics, biology, and chemistry (Raza, 2023). This adaptive learning also supports teacher 

training: platforms can recommend professional development modules or share lesson analytics to 

guide educators’ practice. 

Intelligent Tutoring and Chatbots 

Intelligent tutoring systems and AI chatbots offer one-on-one support by simulating a personalized 

tutor. These systems use AI to interact with students, answer questions, and provide feedback. In 

science education, AI can step through chemical problem-solving or physics problem-solving 

interactively. Modern LLM-based chatbots further extend this model. Teachers and students are 

experimenting with ChatGPT, Bard, Copilot, Gemini, Claudia, and other assistants for science 

inquiries. ChatGPT can generate sample science quiz questions, explain experimental procedures, 

or suggest analogies, effectively serving as a conversational tutor (Kolil & Achuthan, 2024). In 

exploratory studies, ChatGPT often produced relevant science content aligned with curriculum 

themes, and educators have successfully used it to draft science lesson plans, rubrics, and quizzes 

(Cooper, 2023). However, experts including Nyaaba et al. (2025), and Lo et al. (2024), caution 

that LLMs may produce errors or oversimplifications, so their use requires teacher supervision. 

Chatbots like Khanmigo are explicitly designed not to just give answers but also to guide 

reasoning. By providing instant, individualized support, intelligent tutors can help students tackle 

difficult science problems at their own pace, thereby extending learning opportunities outside the 

classroom. 

Virtual Laboratories and Simulations 

Virtual laboratory platforms leverage AI and three-dimensional (3D) simulation to recreate science 

experiments online. These immersive labs let students perform experiments in biology, chemistry, 

or physics without physical equipment. Labster is a leading example, offering dozens of game-like 

3D lab simulations on topics ranging from acid–base titrations to microscopy. In Labster 

simulations, students interact with virtual equipment (e.g., a virtual confocal microscope) and 

tackle challenges and quizzes embedded in the experiment (Jerowsky, 2024). The environments 

are built like adventure games, allowing students to click on apparatus and navigate safely through 

complex procedures. Virtual labs can increase student confidence and conceptual understanding 

by allowing repeated practice and providing immediate feedback when mistakes are made (Kolil 

& Achuthan, 2024). Another example is LabXchange (Harvard University), which provides free 

virtual science labs with real-time feedback. Students can assemble apparatus and conduct 

experiments in a virtual space, receiving hints and corrections instantly. Inq-ITS is a commercial 

platform that uses AI to auto-grade student investigations and provide adaptive tutoring in virtual 

science labs. Such tools are especially valuable where resources are limited. In many countries, 

virtual labs enable students to explore advanced experiments that would otherwise be too costly or 

dangerous (Yilmaz, 2024). In higher education and teacher training, these simulations also provide 
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consistent lab experiences and can collect data on student actions for further analytics. By 

combining interactivity with AI-generated guidance, virtual labs may make hands-on science 

accessible anywhere, illustrating procedures (e.g., DNA sequencing, chemical synthesis) in rich 

detail. 

Data Analytics and Visualization 

AI-driven data analytics help educators make sense of science learning outcomes and experiment 

results. Learning-analytics platforms aggregate student performance data, such as quiz scores, 

assignment completion times, and lab activity metrics, and highlight patterns or knowledge gaps 

(Raza, 2023). For instance, systems like Knewton Alta can track how students perform on science 

problem sets and alert teachers to common difficulties. AI can flag students who struggle with 

particular concepts so that instructors can intervene. Data visualization tools, aided by AI, allow 

teachers and students to graph and model scientific data more easily (Bekteshi, 2025). For 

example, AI-assisted platforms can generate interactive charts of student lab results or simulate 

data outcomes based on input parameters. Recent advances, like ChatGPT’s code interpreter and 

AI-enabled software, let students explore complex datasets (such as environmental data) through 

prompts. By translating raw data into visual insights, these tools enhance comprehension of 

scientific phenomena (Roll & Wylie, 2016). In teacher training, analytics dashboards can also 

evaluate teaching strategies. AI can summarize classroom data (attendance, quiz results, 

engagement measures) to help educators refine science curricula. Across contexts, data analytics 

bring a data-driven approach to science education, informing evidence-based decisions and 

personalized interventions. 

Content Generation and Authoring 

Generative AI has transformed lessons and resource creation. Teachers increasingly use AI to write 

and generate science content. ChatGPT and similar models (GPT-4, Bard, Claude, etc.) can draft 

science lesson plans, worksheets, and exam questions (Du et al., 2024). ChatGPT or other models 

can assist with lesson planning, the creation of teaching materials, and the development of 

assessment tools, such as quizzes and rubrics, tailored to students’ varying academic levels (Peikos 

& Stavrou, 2025). For example, a teacher might prompt ChatGPT to generate multiple-choice 

questions on Newton’s laws or to explain the process of photosynthesis at an appropriate grade 

level. The AI can also rephrase textbook content for different reading abilities or translate material 

into students’ native languages. Tools like ChatGPT can summarize complex scientific articles into 

digestible formats for students or even simulate dialog on scientific debates. Beyond text, AI-

powered authoring extends to multimedia: image generators (DALL-E, stable diffusion) help 

create custom science diagrams and illustrations; video generators and VR content tools (e.g., 

CoSpaces Edu) let teachers build interactive science storytelling. By automating routine writing 

and design tasks, AI frees educators to focus on pedagogy. Studies report that teachers use 

generative AI to draft science units and test items more efficiently (Cooper, 2023). Educators are 

advised to critically review AI-generated materials for accuracy, but early feedback indicates that 
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such content generation can rapidly produce high-quality resources when guided by clear prompts 

(Peikos & Stavrou, 2025). 

Augmented Reality/ Virtual Reality (AR/VR) and Immersive Visualization 

Augmented reality (AR) and virtual reality (VR) bring immersive experiences to science 

education. AR overlays digital information onto real-world views (via tablets or AR glasses), while 

VR places students inside fully simulated environments. These technologies let students explore 

science concepts beyond the textbook. For example, apps like Merge Cube (an AR block with 

companion software) allow students to hold and manipulate 3D models of molecules, fossils, or 

the water cycle in their hands (Danhoff, 2021). With Merge Cube and related apps, students can 

virtually inspect a molecule’s structure or dig into a dinosaur bone in mid-air. Similarly, tools like 

CoSpaces Edu enable students to create their own AR/VR scenarios (e.g., a virtual chemistry lab 

or a model of the solar system) and then explore them on a screen or VR headset (Danhoff, 2021). 

In practice, AR/VR increases engagement and understanding. Furthermore, short circuit VR is a 

virtual reality electronics lab simulator that allows students to design and build electronic circuits 

using a variety of components. It offers an engaging way to learn basic electronics through 

interactive challenges, while also encouraging creativity and experimentation through hands-on 

project building (Cui, Lai, Li, & Su, 2021). Educators report that students become more curious 

and apply critical thinking when they can interact with immersive content (Duncan, 2020). AR can 

also simulate field trips (e.g., virtually touring a rainforest or even the ocean floor) and microscopic 

environments (e.g., inside a cell), providing experiences otherwise inaccessible (Jerowsky, 2024). 

While widely used at K–12 levels (with apps and even Google Cardboard viewers), universities 

use VR for advanced labs (e.g., virtual astronomy observatories) and teacher training (e.g., VR 

classroom management scenarios). These immersive visualizations, often coupled with AI-driven 

interactivity or guidance, offer powerful new ways to illustrate complex scientific ideas and 

phenomena (Partarakis & Zabulis, 2024). 

Gamification and Engagement 

AI also powers gamified learning to boost student motivation in science. Educational games and 

quiz platforms use AI to adapt challenges and reward progress. For instance, platforms like 

Kahoot! or Quizizz employ algorithms to vary question difficulty and provide real-time feedback 

during science quizzes (Chan et al., 2023). Minecraft: Education Edition (a block-based game 

platform) includes chemistry and coding modules that let students experiment within game worlds. 

AI can generate game content on the fly. For example, Kahoot!’s new AI features allow teachers 

to create quizzes on any science topic in seconds. Classroom management can itself be gamified. 

Classcraft uses AI-like logic to turn classwork into a role-playing game, giving students points or 

virtual rewards for positive science-related behaviors. Across the globe, educators leverage 

gamification to make science fun and interactive. The AI component ensures each student faces 

“just-right” challenges and sees immediate consequences for their actions, which can improve 

persistence and enjoyment in science learning (Chan et al., 2023). 

AEFUNAI JOURNAL OF SCIENCE EDUCATION
volume 2(1), 2026 | E-ISSN: 3156-3392

www.aefunaijosed.com 159



 

 

Educational Benefits of AI in Science Education 

AI is reshaping science education by offering innovative solutions that enhance teaching 

effectiveness and student learning. From personalizing instruction and increasing engagement to 

improving assessment, promoting equity, and building student confidence, AI tools support a more 

inclusive, responsive, and impactful science learning environment. In particular, AI supports 

differential and personalized learning, encourages learner engagement and active learning, useful 

for formative assessment and feedback efficiency, encourages students autonomy and confidence, 

and ensures equity and accessibility of learning materials.  

Differentiation and Personalization: AI-driven tools enable science educators to tailor instruction 

to each student’s strengths, weaknesses, and interests, aligning with theories of personalized 

learning (Yılmaz, 2024). By analyzing student data in real time, intelligent systems can identify 

knowledge gaps and adapt content or pacing accordingly. This dynamic customization helps break 

the “one-size-fits-all” model, ensuring that students receive tasks at an appropriate level of 

challenge. In practice, AI tutors (e.g., Khan Academy’s GPTpowered Khanmigo or conversational 

agents like ChatGPT) can adjust explanations and questions on the run, scaffolding complex 

science concepts to individual needs. Research shows that such adaptive instruction not only 

improves learning outcomes but also empowers students by addressing diverse learning profiles, 

including those from underserved communities (Idowu, 2024; Mahmoudi-Dehaki & Nasr-

Esfahani, 2025). In sum, AI personalization aligns with pedagogical principles of mastery learning, 

enabling students to progress at their own pace and deepen their understanding in science courses. 

Engagement and Active Learning: AI can greatly increase student engagement in science by 

facilitating interactive, hands-on learning experiences. Gamified platforms and simulations 

powered by AI or rich multimedia capture students’ attention and motivate active participation. 

For example, incorporating ChatGPT into learning can significantly boost students’ behavioral, 

cognitive, and emotional engagement compared to traditional methods (Lo, Hew, & Jong, 2024). 

Similarly, game-based quiz tools like Kahoot! have been shown to enhance attention, creativity, 

and critical-thinking skills when integrated into lessons (Lytras et al., 2024). Virtual laboratory 

simulations (e.g., Labster’s immersive science labs) allow students to conduct experiments in a 

safe, visually engaging environment; one VR-based study reported higher test scores, very positive 

motivation, and that most students agreed virtual labs were a beneficial supplement to regular 

instruction (Chan, Bernaerts, Van Gerven, & Dubois, 2023). In practice, teachers use these AI-rich 

tools (ChatGPT chatbots for brainstorming, Kahoot! quizzes for review, Labster simulations for 

experiments) to transform passive lectures into interactive sessions. By giving students meaningful 

choices and immediate feedback in these activities, AI supports active learning theories and 

sustains interest in complex science topics. 
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Formative Assessment and Feedback Efficiency: AI streamlines formative assessment by 

automating routine feedback and enabling continuous, data-driven guidance. Traditional science 

classrooms often constrain the quantity of individualized feedback a teacher can give; AI systems 

improve this by instantly analyzing student responses and generating hints or corrections. For 

instance, adaptive assessment platforms use algorithms to schedule quizzes and tasks for each 

student, maximizing learning efficiency. AI can also generate rich, customized feedback on a large 

scale. Automated tutoring systems and chatbots can provide step-by-step explanations of 

misconceptions and pose follow-up questions. Students who received feedback from both teachers 

and ChatGPT showed significant gains in self-efficacy and learning outcomes, indicating the 

practical value of AI feedback (Qi, Tang, & Lei, 2024). Tools like Khanmigo or auto-grading 

engines exemplify this benefit. They let students submit answers or drafts and receive immediate 

feedback. By increasing the quantity and tailoring of feedback, AI-driven assessment helps 

students iteratively improve their understanding of scientific concepts while reducing teacher 

workload. 

Student Autonomy and Confidence: AI fosters learners’ independence in science education by 

acting as an on-demand tutor that students can consult anytime, which, in turn, builds confidence 

(Chan et al., 2023). When students know they can explore questions and receive guidance from an 

AI assistant, they tend to take more initiative in learning. Virtual labs and simulations also let 

students practice experiments without fear of costly mistakes, leading to higher readiness for real 

labs. In the aforementioned VR simulation study, the increase in learning and motivation suggests 

that students become more confident tackling lab content after using the virtual environment. 

Interactive quiz games like Kahoot, by offering low-stakes challenges and immediate scoring, help 

students recognize their growing mastery and feel more assured about their progress (Javali et al, 

2025). In practice, learners using ChatGPT or Khanmigo can ask complex “why” and “how” 

questions on their own, receiving instant answers that let them verify understanding. This 

autonomy, guided by AI, encourages a growth mindset. As students see themselves successfully 

learning in self-directed ways, their confidence in science work naturally rises. 

Equity and Access: AI technologies have the potential to make science education more inclusive 

by making high-quality resources widely accessible. Adaptive learning platforms and AI tutors are 

often available globally online, allowing students anywhere to receive personalized support 

regardless of local school resources. For instance, free tools like Khan Academy (with its AI tutor 

Khanmigo) or ChatGPT provide 24/7 help in multiple languages, helping non-native speakers and 

students in remote areas gain access to expert explanations. AI also enhances accessibility for 

students with disabilities. Speech-to-text and screen-reading algorithms improve text 

comprehension, while real-time audio transcription and predictive text support hearing- or 

mobility-impaired learners. AI-driven education can substantially expand learning opportunities 

in underserved regions where traditional resources are scarce (Fazal, Bandeali, Shezad, & Gul, 

2025). By tailoring content to students’ cultural and linguistic contexts and supporting diverse 

needs, AI narrows gaps in science learning. In short, the global availability and adaptability of AI 
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tools help create a more equitable science education system where every student has the chance to 

reach their potential (Yilmaz, 2024). 

AI Tools for Teaching Purpose 

AI-powered educational tools serve a variety of teaching purposes in science education, from 

assessment and virtual labs to research, lesson planning, and gamified engagement. For instance, 

platforms like Quizizz and Gradescope streamline assessment with instant feedback, while tools 

like Labster and PhET offer safe, hands-on virtual experiments (Kolil & Achuthan, 2024). Inquiry 

tools such as ChatGPT and Wolfram Alpha support problem-solving and research, and AI 

assistants like Curipod and Canva help teachers rapidly create customized lessons (Fazal et al., 

2025). Gamified tools like Kahoot! and Minecraft can make science interactive and enjoyable, 

keeping students motivated and involved (Chan et al., 2023).  

Implementation Considerations 

To ensure effective implementation, the following considerations are prioritized:  

Privacy and Data Security: AI applications in education collect extensive student data, so privacy 

and security are crucial. Student records and behavior logs used to train AI tutors or analytic 

systems must be protected by stringent data governance. Generative AI adds new vulnerabilities. 

LLM interfaces may inadvertently “leak” personal inputs or be “jailbroken,” allowing malicious 

users to extract prior conversation content. Such breaches can expose sensitive information (e.g., 

health, family, or disability data) and undermine trust. To mitigate risks, education leaders should 

follow proven privacy best practices. AI vendors and schools must collect only the minimum 

necessary data and store it with strong encryption and access controls. For example, only class-

related inputs (not full student profiles) should be sent to cloud AI services, and personally 

identifiable information should be hashed or anonymized whenever possible. Transparent policies 

and parental consent forms should clearly explain how AI systems use student data. Educators 

should be trained to spot suspicious behavior (e.g., unusually rapid answer generation), and 

students should be taught not to input personal information into AI tools. At the policy level, 

jurisdictions should update school‐privacy regulations to explicitly cover AI-powered tools. In 

practice, schools can audit AI products against standards program, requiring any vendor to 

demonstrate compliance with privacy safeguards. Taken together, these precautions (data 

minimization, user awareness, and technical protections) help ensure that AI enriches learning 

without compromising student privacy. 

Equity and Access: AI’s promise will only be realized if all learners can benefit, yet access gaps 

threaten to widen educational inequities. Even before AI, major portions of the world lacked basic 

digital access. As of 2020, only approximately 40% of primary schools and 50% of lower-

secondary schools globally had Internet, with rural and low-income communities far behind 

(UNESCO, 2023). For example, the 2023 UNESCO report found that during COVID school 

closures, roughly half a billion students (31% globally and 72% of the poorest) could not access 
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online learning. These disparities persist with AI. UNESCO warns of an emerging “AI divide,” 

where marginalized regions and groups (e.g., remote rural, low-income, or underserved 

communities) have far less AI literacy, tools, and infrastructure (UNESCO, 2023). In sub-Saharan 

Africa, only 36% of people had Internet in 2021, and rural electrification is only 30% (Okolo, 

2023). Without reliable power and broadband, advanced AI tutors cannot function. Even within 

wealthy countries, urban students outpace rural peers in tech access. Thus, implementing AI must 

directly address the digital divide; otherwise, it risks benefiting already-advantaged students and 

leaving others further behind. 

Practical measures are needed to level the playing field. On one hand, governments and NGOs can 

invest in connectivity (expanding broadband, building more cell towers, and undersea cables) so 

that schools everywhere can access cloud-based AI services. Indeed, UNESCO recommends 

ensuring “universal access to the internet” as a cornerstone of AI education policy (Miao, 2025). 

On the other hand, educators should design AI tools that work under low-resource conditions. For 

instance, enabling offline functionality (local “edge AI” modules on tablets) or using low-

bandwidth interfaces (text-only chat instead of video) can help. Schools might prioritize shared 

resources (computer labs or community centers) where high-cost equipment is available to all 

students. In addition, programs can provide subsidized devices or data plans for low-income 

families. Many countries are already piloting such schemes. For example, a partnership with 

technology companies might equip rural schools with AI-enhanced tablets while linking them to 

online STEM curricula. In short, to avoid this scenario, policymakers must allocate funding 

specifically for infrastructure in underserved areas, and designers must tailor AI platforms to work 

within the realities of low-connectivity classrooms. 

Teacher Training and AI Literacy: Teachers are the key players in AI integration. Thus, without 

their understanding and support, even the best tools can fail. Currently, most secondary school 

teachers have little formal AI education. A recent survey of Chinese teachers noted widespread 

anxiety about AI’s complexity and low confidence in its underlying technology (Du, Sun, Jiang, 

Atiquil Islam, & Gu, 2024). Similarly, teachers in other parts of the world report feeling unprepared 

to use GenAI (Magnusson & Israelsson, 2024; Nyaaba Akanzire, Nyaaba, & Nabang, 2025). The 

top concern is the lack of teacher training, which affects the usage of AI in teaching. This gap 

matters because effective use of AI requires new competencies (prompt design, critical evaluation 

of AI outputs, etc.). UNESCO’s new AI competency framework for teachers highlights domains 

like AI foundations, AI pedagogy, ethics, and a “human-centered mindset” (Cukurova & Miao, 

2024). If teachers lack these skills, AI may be used superficially (or not at all), reinforcing rather 

than improving instruction. In low-resource settings, this is doubly problematic. Many developing 

countries invest heavily in teacher professional development but often fail to build the needed 

digital and pedagogical skills (Hennessy, D’Angelo, McIntyre, Koomar, Kreimeia, & Cao, 2022). 

Without proactive training, the rapid rollout of AI could leave teachers behind. 

To address this, education systems should incorporate comprehensive AI literacy into teacher 

education and ongoing professional development. Pre-service teacher programs can introduce 
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basic AI concepts (such as how LLMs work and data ethics) alongside subject-matter training, 

while in-service workshops can focus on classroom applications (using AI as a tutor, grading 

assistant, or generating lesson plans, etc.) and critical thinking about AI outputs. Several 

frameworks and initiatives already exist to guide this effort. For instance, UNESCO’s AI 

competency framework outlines how teachers can leverage AI for personalized learning and their 

own professional growth (Cukurova & Miao, 2024). Schools and districts might partner with tech 

organizations to provide hands-on training, such as Google’s AI Educator workshops or 

independent programs like TeachAI, which coach teachers on AI tools. Importantly, training 

should be iterative and context-sensitive. As one World Bank report advises, any AI training must 

be piloted and refined before scaling, especially in low-resource schools (Wilichowski & Cobo, 

2023). In practice, instead of abruptly implementing an AI tutor across the entire school, a more 

effective approach might involve starting with a small group of lead teachers trained extensively 

in AI integration, who then mentor their colleagues. 

Finally, teacher training must also cultivate teachers’ pedagogical vision. AI is a tool, not a remedy. 

Educators need to determine why and how to use a chatbot or data analytics in the service of 

learning goals. Professional learning communities and collaborative lesson planning (possibly 

using AI themselves) can help embed AI strategically. For example, teachers could co-design a 

science project where students use an AI model to analyze experimental data, thereby learning 

both science and computational thinking. Through such carefully scaffolded experiences, backed 

by research and shared practice, teachers can move from AI novices to savvy facilitators of AI-

enhanced inquiry. 

Infrastructure and Cost: Beyond devices and connectivity, AI imposes further infrastructural and 

financial demands. Many advanced AI tools (e.g., adaptive tutoring or computer-vision science 

labs) rely on high-end hardware or cloud services that are expensive. Running powerful AI models 

requires reliable electricity, fast Internet, and often subscription fees or maintenance costs. These 

expenses pose challenges even for wealthy districts and are prohibitive in low-income regions. For 

example, the 2023 UNESCO Global Education Monitoring report (UNESCO, 2023) notes that 

adding basic digital learning, including online content and devices, could inflate a low-income 

country’s education budget by about 50%. One rough estimate suggests it would take over US$100 

billion to provide high-speed Internet to remote African communities (Okolo, 2023). Moreover, 

schools must budget for ongoing support, such as keeping software licenses up to date, refreshing 

aging hardware, and protecting against cybersecurity threats. 

To manage costs, stakeholders can pursue multiple strategies. Shared resources and open-source 

platforms can stretch limited funds. Schools might use open AI models (e.g., ChatGPT-like 

systems) rather than expensive registered solutions. Cloud-based educational AI (such as Google 

Classroom AI or Khan Academy’s Khanmigo) can reduce the need for local servers, provided 

bandwidth is sufficient. Partnerships with universities or tech firms may also subsidize expenses. 

If AI tools prove costly without clear learning gains, it may be wiser to focus on lower-tech 

solutions, as UNESCO's report (UNESCO, 2023) shows simple interventions can sometimes 
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outperform high-tech investments. On a broader scale, many governments and international 

organizations recognize the challenge and are acting. New undersea cables (e.g., the 2Africa cable) 

and national broadband initiatives are expanding infrastructure in underserved regions (Okolo, 

2023). UNESCO and others support AI in global education aid and budgets. Some high-income 

districts share costs through consortia that bulk-purchase AI services or jointly invest in research. 

Ultimately, decision-makers should carefully weigh AI’s benefits against its long-term costs, 

seeking solutions that are cost-effective and sustainable within the local context. 

Ethical Use and Academic Integrity: AI’s capabilities raise new ethical questions and academic 

integrity challenges that require proactive policy and teaching. The ease of generating essays or 

answers with tools like ChatGPT has led to concerns about plagiarism and fairness. As is known, 

students are already experimenting with AI as a cheating shortcut. At the same time, educators note 

that prohibitions alone are ineffective. It is impossible to ban AI outright. Instead, experts 

recommend fostering a culture of integrity and transparency. For example, students might be 

required to disclose any AI assistance and provide screenshots of their AI prompts and outputs to 

demonstrate honest use. Simultaneously, teachers can design assessments (in-class essays, oral 

exams, performance tasks) that explicitly test foundational skills so that AI misuse becomes less 

advantageous. On the contrary, it is important to keep in mind that students may use AI even during 

oral exams, performance tasks, or in-class essays through devices like AI-enabled glasses, which 

can be difficult to detect. 

Beyond cheating, AI systems themselves can prolong ethical issues. Educators must be vigilant 

about algorithmic bias. If an AI tutor systematically represents certain cultural examples or gives 

different advice based on gender, it could deepen bias in science education. There are also concerns 

about AI surveillance (e.g., proctoring software) and student privacy (e.g., monitoring emotions 

with video analytics). Addressing these requires clear guidelines, and any use of an AI tool that 

influences content should be properly acknowledged (Foltynek, Bjelobaba, Glendinning, Khan, 

Santos, & Pavletic, 2023). In addition, AI systems should be transparent and explainable whenever 

possible. Academic integrity policies must explicitly include AI. Schools and universities should 

update integrity codes to clarify what is allowed – for example, permitted collaboration with AI on 

brainstorming or editing, but not on final submissions. Policymakers can support this by issuing 

national or district-level guidance on ethical AI use in classrooms. 

Finally, education about ethics is essential. Just as schools teach fair use and citation, they should 

teach the responsible use of AI. In this digital era, AI ethics should be integrated into the 

curriculum. Students should understand the importance of honesty and how AI can affect their 

sense of right and wrong. Teachers, in turn, need training on how to craft learning outcomes that 

include AI understanding and on how to model ethical behavior with these tools. Only by pairing 

clear rules with a strong culture of integrity and by empowering students to use AI as a legitimate 

learning aid rather than a shortcut can schools utilize AI’s benefits without sacrificing trust or 

fairness. 
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Conclusion 

In this paper, the authors have explored the many ways AI can enrich science education, revealing 

a horizon where teaching and learning are more dynamic, responsive, and inclusive. Rather than 

replacing the human touch, AI tools – from adaptive tutors and virtual laboratories to generative 

content platforms and immersive simulations – serve as collaborators that amplify educators’ 

creativity and students’ curiosity. By automating routine tasks and offering timely insights, these 

technologies free teachers to focus on fostering inquiry, guiding thoughtful discussions, and 

nurturing the critical-thinking skills that lie at the heart of scientific exploration. 

Yet, the promise of AI in science classrooms comes with responsibilities. As we integrate 

intelligent systems, we must remain vigilant about privacy safeguards, equitable access, and 

potential biases. Thoughtful infrastructure planning and context-sensitive teacher training are 

essential. Educators need both a conceptual understanding of AI and hands-on experience to weave 

these tools into lessons with confidence and care. Moreover, ethical guidelines and academic 

integrity practices must evolve alongside technology, ensuring that AI supports genuine learning 

rather than shortcuts. When these considerations are addressed, AI becomes a powerful ally in 

leveling the playing field, reaching learners who might otherwise lack resources, and providing 

tailored support for diverse needs. 

Looking ahead, the real power of AI lies in its ability to spark new pedagogical possibilities. 

Students collaborate with virtual laboratory partners, exploring scientific phenomena through AR 

or receiving interactive and engaging feedback on their reasoning. Such experiences can foster 

autonomy, resilience, and a sense of wonder about the natural world. Ultimately, the goal is not a 

high-tech classroom for its own sake, but a human-centered environment where technology 

deepens connections between teacher and learner, question and discovery, curiosity and 

understanding. By embracing AI thoughtfully, science educators can inspire the next generation to 

ask bold questions, tackle real-world challenges, and carry forward a spirit of innovation grounded 

in ethical responsibility. The future of science education, then, is not just about new tools but also 

about nurturing empowered, reflective learners equipped to shape a better world. 
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