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Abstract 
A review of the literature on artificial intelligence's (AI) potential to improve chemistry education is 
presented in this paper. The study assesses how AI-driven tools like intelligent tutoring systems, virtual labs, 
and adaptive learning platforms can revolutionize chemistry education by looking at peer-reviewed books, 
articles, and reliable internet sources. According to the analysis, AI can help students solve problems more 
effectively, create individualized learning experiences, as well as render abstract chemical ideas more 
approachable. The study also discusses ethical issues, the dangers of technological dependence, and the 
necessity of teacher preparation. Although AI has shown great promise in improving chemistry learning, the 
review comes to the conclusion that its effective application necessitates a well-rounded strategy that 
combines AI with conventional teaching techniques to guarantee its advantages are fully realized not 
undermining the role of teachers. 
Keywords: Chemistry Education, Artificial Intelligence, Virtual Labs, Personalized Learning, Intelligent 
Tutoring. 

 
Introduction 
One of the 21st century's most revolutionary technologies, artificial intelligence (AI) has the potential to 
completely change a number of industries, including education. The use of AI in education is growing in 
popularity as it develops, opening up new avenues for enhancing the processes of instruction and learning. 
The need to enhance learning outcomes and increase comprehension of intricate chemical ideas has drawn a 
lot of attention to the possibilities of artificial intelligence in chemistry education. Since chemistry frequently 
deals with complex and challenging-to-visualize concepts, AI-driven technologies that offer individualized 
and interactive learning experiences can be quite beneficial (Iyamuremye et al., 2024). 
 
Artificial intelligence (AI) tools like virtual labs, adaptive learning platforms, and intelligent tutoring systems 
have already demonstrated encouraging outcomes in the classroom. For instance, intelligent tutoring 
systems provide students with individualized feedback and direction, allowing them to learn at their own 
pace and instantly reinforce concepts (Bhutoria, 2022). In a similar vein, students can perform experiments 
in virtual laboratories, which allow them to see chemical reactions as well as processes that would be 
difficult or dangerous to carry out in a conventional classroom. In addition to increasing student 
engagement, these technologies give teachers insightful data about student performance, allowing them to 
modify their lessons to fit the needs of each individual student (Lin et al., 2023; FXMedia Team, 2024; Main, 
2024). 
 
Numerous studies have looked into how AI is affecting education, and there is mounting evidence that it 
works. Xu and Ouyang (2022), for example, discovered that AI-powered personalized learning platforms 
enhanced students' comprehension of chemistry ideas and promoted higher-order thinking abilities. 
Likewise, Wang et al., (2024) emphasized how AI can improve student engagement and motivation via 
personalized feedback and interactive simulations. According to these results, artificial intelligence (AI) may 
be able to help with some of the persistent problems in chemistry education, like low student engagement 
and trouble understanding abstract ideas. But even with AI's potential advantages, integrating it into 
chemistry education is with its difficulties. The necessity for educators to learn skills that are new in order to 
use AI tools in the classroom is one of the main issues. According to Luckin et al., (2022) contends that in 
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order for AI to be successfully incorporated into education, teachers must receive specialized training to 
become adept at using these tools. Additionally, the over-reliance on AI and data privacy raises ethical 
questions that could result in a diminished role for human educators (Akgun and Greenhow, 2022). These 
difficulties highlight how crucial it is to create a well-rounded strategy for integrating AI, one that maximizes 
its advantages without compromising the vital role that educators play in the educational process. 
 
AI presents a number of special opportunities in the field of chemistry education. The subject frequently calls 
for a thorough comprehension of abstract ideas that can be challenging for students to visualize, like 
molecular structures and chemical reactions. By offering interactive experiences and visual simulations that 
give these ideas greater substance, AI-driven technologies can aid in closing this gap. Furthermore, by 
offering customized learning paths according to each student's needs and skills, AI can assist differentiated 
instruction (Gibson, 2023). This individualized approach pushes advanced learners to study more difficult 
subjects at their own pace while also benefiting struggling students. 
 
Artificial intelligence will probably play a bigger part in education as it develops, especially in STEM fields 
like chemistry. However, more study is required to determine the best ways to incorporate these 
technologies into the classroom if the full advantage of artificial intelligence in chemistry education is to be 
realized. There are still unresolved issues with the long-term effects of artificial intelligence on student 
learning outcomes, the function of teachers in an AI-enhanced classroom, and the moral ramifications of AI 
use in the classroom. 
 
Thus, in light of AI's potential to improve chemistry education, this study aims to answer the following 
questions:  
1) How can the comprehension of difficult chemistry concepts be enhanced by AI-driven tools like 

intelligent tutoring systems and virtual laboratories?  
2) What ethical challenges and difficulties surround the application of AI in chemistry education?  
3) How can training be organized for educators to integrate artificial intelligence into their teaching 

practices? 
 
By providing answers to these questions, this review seeks to offer a thorough analysis of the potential of AI 
in chemistry education and provide insights into how it can be used to improve learning outcomes while 
addressing potential challenges. 
 
Methodology 
Through a review of the literature, this study uses a descriptive analysis approach to examine how artificial 
intelligence (AI) might improve chemistry instruction. A literature review is a recognized technique for 
summarizing current and past events that entails gathering, assessing, and synthesizing earlier studies on 
the subject (West et al., 2023; Iyamuremye et al., 2024). Secondary data, which is information obtained 
indirectly from published and unpublished sources like books, websites, scientific journals, and other 
pertinent reference materials, makes up the majority of the data used in this study (Cheong, et al., 2023; 
Longe, 2024). These data sources were chosen because they were directly related to the study's focus, which 
was the use of AI in education, specifically in the chemistry sector. The first step in the research process was 
gathering information from reliable scholarly databases such as ScienceDirect, JSTOR, and Google Scholar. To 
find pertinent literature published between 2017 and 2024, keywords like "artificial intelligence in 
chemistry education," "intelligent tutoring systems," "virtual labs," and "adaptive learning platforms" were 
used. 
 
Descriptive analysis was used in the study after data collection to interpret and clarify the results. This 
approach entails methodically presenting the data in a logical and structured way, followed by thorough 
explanations of how artificial intelligence (AI) tools like virtual labs, adaptive learning platforms, and 
intelligent tutoring systems help students better understand abstract chemistry concepts (Gligorea et al., 
2023). While addressing the drawbacks of AI, such as the requirement for teacher training and ethical issues 
like data privacy, the descriptive approach allows the study to emphasize the potential advantages, such as 
the creation of personalized learning experiences and the facilitation of interactive and engaging chemistry 
education (Luckin et al., 2022). 
 
AI-Powered Customized Chemistry Education 
Chemistry education is being revolutionized by AI's capacity to deliver real-time feedback is one of its main 
benefits for chemistry education. Feedback is frequently delayed in traditional assessment methods, which 
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can cause misconceptions to persist longer than necessary. AI systems provide real-time responses, students 
can identify and fix mistakes quickly, which strengthens their learning (Ali et al., 2024). Rapid feedback on 
problem-solving tasks helped students using AI-based platforms perform better and gain a deeper 
understanding of concepts like molecular structures and reaction mechanisms, as shown by Gligorea et al., 
(2023). Furthermore, by examining student interactions and pinpointing particular areas that require more 
assistance, AI systems can design customized learning paths. For instance, stoichiometry-challenged 
students can benefit from specialized exercises and materials catered to their preferred learning style and 
pace. In addition to assisting students in mastering fundamental ideas, this adaptive learning strategy 
increases their self-assurance and drive to take on increasingly challenging material (Gligorea et al., 2023). 
 
Additionally, student engagement is improved by AI tools' interactive nature. To make learning chemistry 
more engaging and fun, platforms frequently include gamification features and simulations. Because they 
allow students to visualize chemical reactions and processes in ways that traditional textbooks cannot, these 
interactive features have the potential to boost students' interest in chemistry (Bhutoria, 2022). This 
involvement is essential to creating a supportive learning atmosphere where students are encouraged to 
experiment and learn from the subject matter. Notwithstanding these advantages, there are still obstacles in 
the way of chemistry's adoption of AI-driven personalized learning. Students who rely too much on 
technology may stop being active learners and instead become passive information consumers (Scholars, 
2023). Furthermore, fair access to these AI resources is necessary to guarantee that every student gains 
something from them, especially in underfunded educational environments. Itopia Team (2023) confirmed 
that in order to successfully incorporate these technologies into the classroom and preserve a balance 
between AI and conventional teaching methods, it is also essential that educators continue their professional 
development. Table 1 below lists a number of AI-assisted chemistry learning resources. 
 

Table 1. AI-assisted chemistry learning tools. 
AI tools  Features Benefits Examples (authors) 
Knewton Technology that adapts to 

learning for customized 
exercises. 

Customized feedback according 
to each person's requirements. 

MMD (2021) 

Cognii Improvement of critical thinking 
and immediate feedback. 

Fostering autonomous problem-
solving skills. 

Tulasi and Rao 
(2023) 
 

Blippar Integrate AI with interactive 
learning in real time. 

Increases involvement by 
providing immersive experiences. 

Lütge (2022) 

 
Virtual Reality (VR) Labs and Artificial Intelligence 
The fusion of artificial intelligence (AI) into virtual labs signifies a revolutionary progression in the field of 
chemistry education, boosting both accessibility and hands-on learning experiences. Virtual labs, driven by 
AI, mimic real-world laboratory settings, enabling students to carry out experiments without the limitations 
of physical resources or safety issues. This technology empowers learners to delve into intricate chemical 
processes, execute experiments, and observe molecular interactions in a dynamic and engaging 
environment. 
 

 
Figure 1. Virtual laboratory (Source: Klami et al., (2024).  

 
According to Figure 1, researchers and users of virtual laboratories use digital twins of assets or processes to 
conduct virtual experiments. These experiments typically involve manipulating the digital twin, which may 
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also involve other laboratory functions. AI’s help them by using the researchers' digital twins, or user 
models, to provide interactive support. By utilizing tangible tools or resources (which the AI assistants 
request on-demand), the procedure is rooted in reality (Klami et al., 2024). The capacity to produce lifelike 
simulations that closely resemble the actions of chemical substances is one of the main benefits of AI-driven 
virtual laboratories. According to Qawaqneh et al., (2023), these simulations give students a risk-free setting 
in which to test different parameters, like temperature and concentration, allowing them to see how changes 
affect reaction times and results. In chemistry, where working with actual chemicals can present safety risks 
or call for expensive supplies, this practical experience is especially beneficial. Experiments that would not 
be feasible in a conventional classroom setting are made possible by virtual labs. 
 
AI also improves education by providing personalized learning paths based on the needs of each student. As 
stated by Gligorea et al., in 2023, artificial intelligence algorithms examine how students interact in virtual 
labs, modifying the degree of difficulty and recommending relevant experiments based on past results. This 
individualized approach guarantees that students stay motivated and involved, encouraging a deeper 
comprehension and retention of difficult ideas like thermodynamics, stoichiometry, and reaction 
mechanisms. Furthermore, collaborative learning environments are supported by the use of AI in virtual 
laboratories. In virtual environments, students can participate in group discussions and experiments that 
promote peer-to-peer communication and cooperative problem-solving. According to Elmoazen et al., 
(2023) this social component is essential for improving comprehension through dialogue and honing 
communication skills. Additionally, AI systems can analyze the data produced during these cooperative 
sessions to give teachers insights into group dynamics and collective understanding, allowing for more 
focused interventions when needed. Nevertheless, the successful implementation of AI-driven virtual 
laboratories depends on appropriate execution and support from educators. According to Haleem et al., 
(2022), it is essential for teachers to undergo sufficient training to effectively incorporate these technologies 
into their teaching. This training should not only cover the technical aspects of using virtual laboratories but 
also include pedagogical strategies to enhance their impact on student learning. Furthermore, it is crucial to 
address concerns about digital equity to ensure that all students have access to the required technology and 
internet connectivity. The benefits of several virtual laboratory platforms along with their advantages are 
outlined in Table 2. 
 

Table 2. Virtual laboratory platforms. 
Virtual lab 
platform  

Features Chemistry concepts 
covered 

Benefits 

Labster Using VR to simulate 
authentic laboratory 
environments. 

Biochemistry, general 
chemistry. 

Offer practical experience 
without the use of physical 
laboratories. 

PhET Various chemistry topics 
are covered by interactive 
simulations. 

The process of chemical 
change, and the physical 
form of substances. 

Learning via simulations that 
are virtual and intuitive. 

ChemCollective  A collaborative virtual lab 
environment for conducting 
experiments. 

Acid-base chemistry, 
stoichiometry. 

Encourage collaboration and 
the development of problem-
solving abilities. 

 
Improving the Ability to Think Critically and Solve Problems 
The use of artificial intelligence (AI) in chemistry education is crucial for improving students' critical 
thinking and problem-solving abilities. Conventional teaching approaches tend to focus on memorization 
and repetitive drills, which may not effectively promote analytical skills. On the other hand, AI-based 
educational resources enable interactive learning opportunities that motivate students to tackle complex 
issues, evaluate data, and utilize their knowledge in new contexts. Intelligent tutoring systems and adaptive 
learning technologies, like AI platforms, offer personalized learning experiences that prompt students to 
engage in critical thinking. According to Amerstorfer and Münster-Kistner (2021), these platforms assess 
students’ answers and learning behaviors, adapting the complexity of problems presented based on 
individual performance. This adaptable method not only maintains student interest but also motivates them 
to confront increasingly difficult situations, nurturing a problem-solving mindset. By exposing students to 
real-world chemical challenges such as predicting reaction outcomes or designing experiments AI prompts 
them to apply theoretical knowledge in practical situations, fostering a deeper grasp and critical assessment 
of concepts. In addition, AI tools support interactive learning settings where students can collaborate to 
tackle challenging problems. AI-enhanced collaborative platforms promote peer conversations and group 
problem-solving tasks. According to a study by Ruiz-Rojas, et al., (2024), students who participate in 
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collaborative problem-solving within AI-supported environments exhibit enhanced critical thinking abilities 
and increased levels of involvement. This social interaction not only allows for the sharing of diverse 
viewpoints but also strengthens learning through explanation and discussion, as students articulate their 
reasoning and rationale to peers. 
 
The capability of AI to give instant feedback is another crucial element in enhancing critical thinking. Virtual 
laboratories and simulation programs provide immediate responses to student inputs, enabling learners to 
contemplate their decision-making processes and adapt their strategies accordingly. As stated by Sapriati et 
al., (2023), instant feedback assists students in recognizing mistakes in real-time, motivating them to 
scrutinize their reasoning and comprehend the fundamental principles of chemistry. This reflective practice 
is vital for cultivating critical thinking, as it promotes an iterative learning process where students 
consistently assess and improve their approaches. The effective incorporation of AI to improve critical 
thinking and problem-solving abilities necessitates thoughtful consideration of teaching methods. Teachers 
should receive training in order to effectively create AI-enhanced learning environments and ensure that 
they help students utilize these tools to foster deeper investigation and evaluation (Bianchi, 2024; Ding, et 
al., 2024; Iqbal and Pearl, 2024). Moreover, educators need to develop activities that are in line with AI 
capabilities, prompting students to participate in more advanced thinking activities that challenge their 
comprehension. 
 
Artificial Intelligence (AI) in Student Motivation and Engagement  
The use of artificial intelligence (AI) in chemistry education plays a crucial role in boosting student 
involvement and drive, which are vital elements for successful learning. Conventional teaching methods 
frequently face difficulties in keeping students engaged, especially in intricate subjects such as chemistry, 
which may seem remote and difficult. AI presents fresh strategies that directly engage students in their 
learning experiences, thus nurturing a stronger bond with the content. AI-powered tools, like interactive 
simulations, gamified learning platforms, and intelligent tutoring systems, establish dynamic learning 
environments that capture the attention of students. According to Hellín et al., (2023), integrating 
gamification elements into AI applications such as rewards, progress tracking, and competitive challenges 
can enhance intrinsic motivation. By converting the learning experience into a more captivating and 
enjoyable activity, students are more likely to devote time and effort to mastering chemistry concepts. For 
example, platforms such as Labster utilize virtual simulations to enable students to conduct experiments in a 
safe environment, promoting exploration and curiosity, which are essential for motivation. In addition, AI-
driven personalized learning paths adjust to the individual learning styles, preferences, and progress of each 
student. This customization guarantees that students face challenges suited to their skill levels, ultimately 
boosting their feeling of control in the learning journey. According to research conducted by Kabudi et al., 
(2021), students exhibit greater levels of involvement and contentment when they perceive that their 
learning experience is personalized to their requirements. AI systems analyze student data to deliver 
customized feedback and resources, empowering learners to establish personal objectives and track their 
accomplishments, thus further motivating them to actively engage with the material. 
 
The crucial role of AI technologies lies in providing immediate feedback, which helps in keeping students 
engaged. Real-time feedback offered by AI systems allows students to grasp their errors and rectify them 
promptly. This instant response nurtures a growth mindset, providing students with the support they need 
in their learning journey. Lai et al., (2023) asserted that students who receive prompt feedback through AI 
tools are more likely to stay engaged and driven, as they can monitor their progress and enhancements over 
time. Moreso, AI platforms' collaborative functions can boost social engagement among students, fostering a 
feeling of community and collective learning experiences. AI can enable online conversations, teamwork on 
projects, and peer evaluations, prompting students to work together and gain knowledge from one another. 
This communal aspect of education not only increases motivation but also enriches comprehension, as 
students express their ideas and question each other's perspectives. 
 
Ethical Challenges of Artificial Intelligence Integration in Chemistry Learning  
Incorporating artificial intelligence (AI) into chemistry education holds great promise, but several obstacles 
impede its successful integration into curricula. Overcoming these obstacles is essential to fully leverage the 
advantages of AI in educational settings. A major challenge is the inadequate infrastructure and resources in 
numerous educational institutions. The implementation of AI technologies often demands advanced 
hardware, dependable internet connectivity, and up-to-date software platforms. In many developing areas, 
this infrastructure may be absent or insufficient, creating obstacles to effectively accessing and utilizing AI-
driven educational tools (McMillan and Varga, 2022; Ahmed et al., 2023). Moreover, limited resource 
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availability can worsen educational disparities, as students in underfunded schools may not have the same 
opportunities to engage with AI-enhanced learning experiences as their peers in better-resourced 
environments. 
 
Educators and institutions face a significant challenge in overcoming resistance to change. Some educators 
may prefer traditional teaching methods due to their familiarity and perceived effectiveness, which have 
been long established. This resistance may be rooted in a lack of understanding of AI technologies, concerns 
about job displacement, or fear of the unknown (Valle et al., 2024). To effectively integrate AI into their 
teaching practices, educators may need extensive professional development and training to comprehend the 
technology and how to utilize it to improve student learning outcomes. Without proper training, teachers 
may encounter difficulties in effectively implementing AI tools or integrating them into their pedagogical 
strategies. 
 
The incorporation of AI in chemistry education is further complicated by concerns about data privacy and 
ethics. AI systems often require extensive data collection and analysis to operate effectively, leading to 
inquiries about the utilization, storage, and security of student data. Adhering to data protection laws such as 
the General Data Protection Regulation (GDPR) in Europe is crucial for establishing an ethical framework for 
AI usage in education (McGrath et al., 2023; Valle et al., 2024). Schools need to weigh the advantages of 
personalized learning with AI against the ethical considerations of data usage, potentially creating a conflict 
between innovation and privacy. The use of AI systems may lead to a decrease in students' ability to think 
critically and solve problems. Although AI can offer customized assistance and feedback, there is a possibility 
that students will rely too much on technology for solutions instead of honing their own analytical skills. 
Educators need to find a middle ground by using AI for support while also promoting independent thinking 
and inquiry in students (Abulibdeh, et al., 2024). 
 
The Possible Adverse Effects of AI on Chemistry Education 
The potential of artificial intelligence (AI) to transform chemistry education by providing personalized 
learning and increasing student engagement is significant. However, it also presents various potential 
negative consequences that require careful attention. It is crucial for educators and policymakers to 
comprehend these risks in order to guarantee that the incorporation of AI in educational environments is 
both efficient and ethical. 
 
The potential downside lies in the possibility of diminishing human engagement during the educational 
process. AI-powered educational tools often offer individualized feedback and assistance, which can be 
advantageous for students. However, an excessive dependence on these technologies could result in reduced 
in-person interactions between students and educators. The traditional classroom setting encourages the 
development of social skills, teamwork, and personal connections, all of which are essential for 
comprehensive growth (Academia Scholars, 2023; Ascione, 2023). If students rely too heavily on AI for 
guidance, they might miss out on valuable chances to participate in conversations, pose queries, and hone 
their critical thinking abilities through real-time human interaction. 
 
Furthermore, there is a significant concern about the potential of AI to perpetuate existing biases in 
education. AI systems derive their knowledge from historical data, which could include biases based on race, 
gender, or socio-economic status. If these biases are not properly dealt with, AI tools might unintentionally 
sustain inequalities in educational results (Kriha, 2024). For instance, if an AI program is trained on data that 
does not adequately represent certain demographic groups, it may fail to offer suitable or effective support 
for students from those backgrounds. This could worsen differences in learning opportunities and results, 
ultimately impeding the educational progress of marginalized students. 
 
AI integration in education also brings about significant concerns related to data privacy and security. 
Extensive data collection is often necessary for AI systems to operate effectively, giving rise to issues 
surrounding the storage, sharing, and safeguarding of sensitive student data (Sullivan, 2024). Data security 
breaches can have serious repercussions for students, such as identity theft and unauthorized access to 
personal information. Educational institutions are tasked with navigating the intricate realm of data 
protection regulations while ensuring that AI tools are both secure and uphold students' privacy rights. 
 
The potential negative impact also includes the possibility of students' critical thinking and problem-solving 
skills being diminished. With AI tools offering more solutions and assistance, there is a risk of students 
becoming excessively reliant on technology for problem-solving rather than engaging in independent 
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thinking processes (Hasanein, and Sobaih, 2023; Amjad, 2024; Zhai et al., 2024). This dependence could 
hinder creativity and critical analysis, which are crucial skills for success in academic and professional 
settings. Educators need to find a balance between using AI as a supportive tool and creating environments 
that promote independent inquiry and problem-solving. The inclusion of AI in chemistry education has the 
potential to create unequal access to learning resources. Not all students have the same access to technology 
and internet connectivity, leading to a digital gap that can impede the effectiveness of AI-based educational 
efforts (Abulibdeh, et al., 2024; Ali, 2024). Students in underfunded schools or remote areas may not have 
the necessary hardware and software to take advantage of AI-aided learning, resulting in uneven educational 
opportunities. This division can perpetuate existing disparities in education and restrict the potential 
benefits of AI for all students. 
 
The Six Domains for Organizing Training for Educators to Integrate Artificial Intelligence into 
Teaching Practices  
The importance of training an educator in AI usage cannot be overstated. The training is must for the 
development and success of the students. It is fruitful for the teacher as well as students. An educator with 
proficiency in AI usage will be more efficient and motivated if he/she is trained well (Bharthvajan and 
Kavitha, 2019). Langreo, (2023) opined that educators should have foundational knowledge about artificial 
intelligence, machine learning, and large language models (the technology behind ChatGPT and other 
chatbots). They should know that AI is already being used in everyday life, such as social media and voice 
assistants. They should also know that AI literacy and education can be integrated into every subject area. 
Students and teachers learning about AI should also learn through hands-on experiences and by playing with 
AI tools. Within educational contexts, teachers’ AI literacy can be characterized by the requisite knowledge 
and skills, the methods for collaboratively engaging with AI, and the capacity to assess the pedagogical and 
ethical implications of their AI integration endeavors in teaching and learning. Enhancing teachers’ AI 
literacy could mitigate issues arising from their limited understanding of and experience with AI tools in 
instruction, thus promoting teachers’ competencies to adopt AI in teaching (Ding, et al., 2024). Therefore, the 
integration of artificial intelligence (AI) into educational settings has the potential to revolutionize the way 
students learn and teachers teach. However, for this to be successful, educators need to be equipped with the 
necessary skills and knowledge to effectively incorporate AI into their teaching practices (Table 3 below). 
This can be achieved through well-organized training programs that cater to the unique needs of educators 
(Mann et al., 2022). Therefore, the Figure 2 below unveil the six domains for organizing training for 
educators to integrate AI into teaching practices.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 2. Six domains for organizing training for educators to integrate artificial intelligence into teaching 

practices [Source: Author’s compilation, (2025)]. 

Establishing clear objectives 

Developing a comprehensive curriculum  

Hands-on training and practice 

Collaboration and support 

Addressing ethical and social implications 

Evaluating effectiveness of the training 
process 

Organizing training for 
educators in AI usage for 
teaching practices 

https://www.edweek.org/by/lauraine-langreo
https://www.edweek.org/technology/building-ai-literacy-what-one-district-has-learned/2023/04
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Table 3. Showing the six domains for organizing training for educators to integrate AI into teaching 
practices. 

S/N Domains Details 
1 Establishing clear objectives The first domain in organizing training for educators is to 

establish clear objectives. What do educators need to learn about 
AI?, How will they integrate AI into their teaching practices?, 
What are the desired outcomes for students?, Answering these 
questions will help both the trainers and educators know what is 
expected of them (Dai et al., 2020; Jiménez, 2024).  

2 Developing a comprehensive 
curriculum 

The curriculum should cover the basics of AI, including machine 
learning, natural language processing, and computer vision. 
Educators should also learn about the various AI tools and 
platforms available for educational use, such as AI-powered 
learning management systems, adaptive assessment tools, and 
AI-driven educational software (Alam, 2023). 

3 Hands-on training and 
practice 

Hands-on training and practice are crucial for educators to 
develop the skills and confidence needed to integrate AI into 
their teaching practices. Trainers should provide educators with 
opportunities to work with AI tools and platforms, design AI-
infused lesson plans, and practice teaching with AI (Kim et al., 
2022; Güneyli, et al., 2024). 

4 Collaboration and support Collaboration and support are essential for educators to 
successfully integrate AI into their teaching practices. Trainers 
should encourage educators to share their experiences, 
challenges, and successes with AI integration. Educators should 
also be provided with ongoing support, including access to AI 
experts, online resources, and peer networks (Zwiers and 
Crawford, 2023). 

5 Addressing ethical and social 
implications 

The integration of AI into educational settings raises important 
ethical and social implications. Educators should be trained to 
consider these implications, including issues related to bias, 
fairness, transparency, and accountability. Trainers should 
provide educators with the knowledge and skills needed to 
address these issues and ensure that AI is used in ways that 
promote equity, inclusion, and social responsibility (Bahrini et al., 
2023; Celik, 2023). 

6 Evaluating effectiveness of 
the training process 

The effectiveness of training programs should be evaluated to 
ensure that educators are acquiring the knowledge and skills 
needed to integrate AI into their teaching practices. Evaluation 
should involve multiple measures, including surveys, 
observations, and assessments of student learning outcomes 
(Mustafa et al., 2022; Kamalov et al., 2023; Jiménez, 2024).  

Source: Author’s compilation, (2025). 
 
Following these above domains, the educators can unlock the full potential of AI integration to enhance 
teaching and learning outcomes. 
 
Integrating AI in Chemistry Education 
The use of artificial intelligence (AI) in chemistry education offers numerous possibilities to improve 
learning results, promote student involvement, and transform teaching methods. As AI technologies become 
more prevalent in educational settings, various promising opportunities for future integration arise, 
demanding the consideration of educators, policymakers, and researchers. 
 
The development of intelligent tutoring systems presents a significant opportunity to deliver personalized 
learning experiences that cater to the specific needs of individual students. By analyzing student 
performance data, these systems can identify strengths and weaknesses and provide tailored feedback and 
resources that match each learner's unique pace and style. Adaptive learning technologies can play a crucial 
role in helping students fill knowledge gaps and receive the necessary support to understand complex 
chemistry concepts (Adewumi et al., 2024). Additionally, intelligent tutoring systems can enhance learning 
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environments by integrating gamification elements, motivating students to actively engage in their 
educational journey.  
 
Incorporating AI into virtual and augmented reality (VR/AR) presents a promising opportunity for 
advancing chemistry education. These advanced technologies enable students to engage with chemical 
structures, reactions, and laboratory settings in a safe and controlled manner. For example, VR simulations 
offer hands-on learning experiences, allowing students to carry out virtual experiments without the 
constraints and risks associated with physical laboratories. This method not only improves comprehension 
of complex concepts but also nurtures a deeper understanding of the practical implications of chemistry in 
real-life situations (Marougkas, et al., 2023; Mallek et al., 2024; Olim, et al., 2024). By introducing interactive 
and visually engaging learning experiences, VR and AR have the potential to greatly enhance student 
involvement and information retention. 
 
The field of chemistry can benefit from AI by utilizing machine learning algorithms to analyze large sets of 
chemical data, revealing patterns and trends not easily detected through traditional methods. This capability 
has the potential to offer new insights in drug discovery, materials science, and environmental chemistry 
(Han et al., 2023; Ananikov, 2024; Visan, and Negut, 2024). Additionally, the integration of AI tools into 
research methodologies can provide students with opportunities to engage in advanced projects, thereby 
improving their critical thinking and problem-solving abilities as they prepare for future careers in STEM 
fields. Additionally, AI has the potential to significantly improve the quality of collaborative learning 
experiences for students. Platforms powered by AI can enable communication and teamwork in virtual 
environments, allowing students to collaborate on assignments, exchange materials, and participate in 
conversations about principles of chemistry. These collaborative systems can encourage a sense of unity and 
cooperation, which are crucial abilities in today's interconnected society (Seeber et al., 2020). Through 
promoting collaboration, AI can assist students in honing their communication skills and cultural awareness, 
attributes that are increasingly important in diverse educational and professional settings. The 
incorporation of AI can also aid in personalized instruction by providing educators with valuable 
information about classroom interactions and the progress of each student. Through AI-driven analytics, 
teachers can access instant updates on student involvement, engagement, and achievements, allowing them 
to customize their teaching and support methods more efficiently. This data-driven method enables 
educators to make well-informed choices about instructional approaches, ultimately improving students' 
learning experiences and results (Xu, 2024). 
 
Conclusion  
The potential of artificial intelligence (AI) in chemistry education is significant for enriching student learning 
experiences. AI can enhance educational outcomes by facilitating personalized learning paths, encouraging 
engagement through virtual laboratories, and fostering the growth of critical thinking and problem-solving 
abilities. Furthermore, its ability to offer comprehensive support for a diverse range of learners ensures that 
all students have equal access to high-quality education. However, to fully realize these advantages, it is 
essential to address challenges such as technical obstacles, expenses, and reluctance from educators. Moving 
forward, it will be crucial to continue researching and developing AI technologies, as well as providing 
adequate training for educators, to maximize the impact of AI in chemistry education and prepare students 
for the demands of an increasingly intricate and dynamic world. 
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