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1. Introduction 

 

In the 1950s, McCarthy, Minsky, Rochester, and Shannon introduced the concept of artificial intelligence, envisioning 
machines capable of using language, forming abstractions and concepts, solving problems typically handled by humans, and 
enhancing their own capabilities (McCarthy et al., 2006). Following this proposal, AI has been developed to replicate human 
cognitive abilities in machines, enabling them to execute tasks such as teaching, learning, reasoning, problem-solving, and 
natural language comprehension. AI systems leverage algorithms and data for decision-making, often enhancing their 
performance via machine learning techniques. In education, AI technologies create personalized, adaptive learning 
experiences, enhance instructional tools, enable immersive learning environments, and provide automated, data-driven 
assessments to improve teaching and learning outcomes (Mnguni, 2023, 2024). While worldwide adoption of AI in education 
has seen a sharp increase over the last decade, research on AI in education has been ongoing for over 30 years. Early research 
in the 1980s and 1990s focused on developing Intelligent Tutoring Systems that provide personalized instruction and feedback 
to students, enhancing their learning experiences (Nkambou et al., 2010). These systems utilized rule-based AI to mimic the 
teaching process and adapt to individual student needs. In the 2000s, the advent of more sophisticated machine learning 
algorithms and increased computational power led to the development of more advanced AI applications. Researchers began 
exploring AI's potential in automating administrative tasks, supporting decision-making, and facilitating adaptive learning 
environments (Luckin & Holmes, 2016). Studies highlighted AI's role in providing real-time feedback, predicting student 
performance, and identifying at-risk students. 

Recent years have seen a surge in the use of AI to augment teaching through immersive learning environments, such as 
virtual and augmented reality, and AI-driven assessment tools that offer detailed analytics on student performance (Zawacki-
Richter et al., 2019). Despite these advancements, there remains a need for comprehensive research to understand the impacts 
and best practices for AI integration in various educational contexts, particularly in science education. 

 

2. The Integration of AI in Education 
 

The extent to which AI is used to augment or replace current methods has not been intensively explored. Teaching 
augmentation with AI would involve enhancing existing educational methods and tools rather than replacing them entirely 
(Luckin & Holmes, 2016). Augmentation leverages AI to support and improve traditional teaching practices. The replacement 
of current methods with AI would imply a shift where AI takes over significant aspects of teaching and learning processes, 
potentially reducing the role of human educators. This approach could lead to standardized, one-size-fits-all education systems 
driven primarily by algorithms, which could overlook the nuances of human interaction and the benefits of adaptive, context-
sensitive teaching (Selwyn, 2019). While AI-driven augmentation enhances the educational experience by supporting teachers 
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and enriching student learning, complete replacement risks devaluing the essential human elements of empathy, motivation, 
and contextual understanding that are vital in effective education. Therefore, a balanced approach, integrating AI to augment 
but not replace traditional teaching methods, is generally considered the optimal path for leveraging technology in science 
education. However, research must determine how AI is currently integrated into science education. 

The integration of AI in education varies across different regions, with certain countries spearheading the adoption. 
Notably, the United States and China have made significant strides in this area, substantially improving their educational 
processes and learning outcomes. In China, the focus is on nurturing local AI talent and reducing educational inequities (Mu, 
2023). There is a shift in emphasis from merely completing academic curricula to enhancing students' abilities and promoting 
holistic development through AI-enabled learning (Huang, 2021). In the USA, AI adoption in education is anticipated to grow, 
especially in higher education, as interdisciplinary, project-driven courses are being introduced to foster collaboration and 
knowledge sharing (Crompton & Burke, 2023). In both the US and China, AI is perceived as a competitive advantage in higher 
education, providing opportunities to streamline administrative processes and improve learning outcomes. 

In Africa, AI has been used to transform learning environments to minimize educational disparities (Nja et al., 2023). 
This includes integrating African ethical values and promoting responsible AI development through ethics courses and capacity-
building initiatives (Kiemde & Kora, 2022). Research in South Africa points to AI technology's potential to advance sustainable 
development goals in higher education, enhance student outcomes, and foster a collaborative learning environment (Nja et 
al., 2023; Opesemowo & Adekomaya, 2024). In Egypt, researchers are exploring AI's impact on students' acceptance, 
motivation, and behavioral intentions toward AI in education (Ragheb et al., 2022; Strzelecki & ElArabawy, 2024). In Nigeria, 
the growing awareness and application of AI in business analytics are driving its adoption in educational contexts (Osasona et 
al., 2024). Research focusing on AI knowledge and perception highlights the need for educator preparedness and targeted 
training. These initiatives present significant opportunities to enhance learning outcomes, stimulate innovation, and address 
educational challenges by leveraging AI technologies and implementing focused training programs (Mnguni, 2024). 

In Southeast Asia, countries like Indonesia, Thailand, and Malaysia are advancing AI integration in education to improve 
learning outcomes and educational processes (Jendia & Ismail, 2023). In Indonesia, AI applications have enhanced educational 
efficiency and quality (Hasanah & Budiyono, 2024). Malaysia's development of personalized reading materials for primary 
school pupils using AI exemplifies its potential to transform traditional teaching methods (Jendia & Ismail, 2023). Studies on 
AI's role in improving students' English writing skills underscore its capacity to expand academic knowledge and technological 
awareness (Ahmad et al., 2024). Responsible AI integration in Indonesia facilitates student learning (Aripin et al., 2024). AI 
technologies, such as ChatGPT and Intelligent Tutoring Systems, are used to improve the effectiveness of e-learning and elevate 
the quality of education. In Thailand, AI-enhanced digital virtual classrooms are fostering creativity and innovation among 
undergraduate students in STEAM fields (Wannapiroon & Pimdee, 2022).  

Globally, AI's transformative potential in education is recognized as a dynamic and innovative breakthrough. Experts are 
optimistic about AI's positive impact on education (Khan & Maysoon Khojah, 2022). AI integration is viewed as a pathway to 
shaping future professionals' learning trajectories, although data security and staff training challenges persist. Professional 
education increasingly incorporates AI into curricula to ensure graduates can use AI ethically and responsibly in their careers 
(Ning et al., 2024). While some countries lead in AI integration to enhance educational outcomes, addressing ethical 
considerations, privacy issues, and staff training is crucial for the effective and responsible implementation of AI in education. 
 

3. Problem Statement and AIM of the Research 

 

Despite the increasing integration of AI in various educational contexts, there remains a significant gap in 
comprehensive research focusing on the effective application of AI in science education. Current literature predominantly 
addresses the general potential of AI technologies. However, there is a paucity of in-depth studies that explore the specific 
trends, practices, and outcomes associated with AI tools tailored for science education. Additionally, current research often 
overlooks the contextual nuances and diverse educational settings in which these AI technologies are applied. Consequently, 
educators and policymakers lack clear, evidence-based guidelines on best practices for implementing AI in science education. 
In light of this, this manuscript aims to address this deficiency by exploring strategies used for integrating AI in science 
education by qualitatively reviewing emerging trends, practices, and reported outcomes in integrating AI in science education.  
 

4. Classification of AI Integration Approaches 

 

While the literature does not provide a succinct model demonstrating how AI can be integrated into science education, 
the current author posits that the integration can be classified into three interrelated categories, namely, AI-based instructional 
tools, AI-enabled learning environments, and AI-supported assessment tools (Figure 1). This model (Figure 1), synthesized from 
the literature reviewed in Tables 1–3, illustrates that the categories of AI integration may operate independently or overlap, 
depending on the specific learning objectives. Each category's depth of AI integration varies, allowing for tailored approaches 
that meet specific educational goals. The intersection of these categories suggests a synergistic integration of AI, promoting a 
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holistic educational experience that adapts to diverse learning needs and optimizes outcomes. This multifaceted integration 
underscores the potential of AI to enhance instructional quality, learning engagement, and assessment accuracy. 
 

 

Figure 1 The model for classifying AI integration strategies in science education into instructional tools (IT), assessment tools (AT), and 
learning environments (LE). The model depicts each component considered independently and where different components interface. 

 

Researchers suggest that AI-based instructional tools are educational resources and applications incorporating AI 
technologies to enhance teaching and learning (Celik, 2023; Chou et al., 2022). They are designed to provide interactive and 
dynamic learning experiences (Celik, 2023; Chou et al., 2022). These tools can range from virtual laboratories and simulations 
to Intelligent Tutoring Systems and adaptive learning platforms. AI-based instructional tools are developed to provide real-
time feedback, personalized learning pathways, and adaptive assessments (Chou et al., 2022). They can be used to analyze 
student performance data and provide feedback based on individual learning needs, enhancing student engagement, 
motivation, and learning outcomes. 

AI-enabled learning environments are designed to create immersive learning experiences by integrating AI technologies 
(Kashive et al., 2020; Mnguni, 2023). They are educational settings that leverage AI technologies to optimize the learning 
experience for students (Kashive et al., 2020). These environments can include virtual, augmented, and mixed-reality platforms, 
allowing students to explore and interact with scientific concepts in a virtual or augmented environment. AI-enabled learning 
environments provide hands-on, experiential learning opportunities and can facilitate a deep understanding of complex 
scientific concepts (Cope et al., 2021). They can also support collaborative learning and enable students to work on authentic 
scientific problems, leading to higher engagement and motivation. 

AI-support assessment tools provide automated assessment and personalized student feedback (Hwang et al., 2020). 
AI-supported assessment refers to using AI technologies to enhance evaluation and feedback processes (Hwang et al., 2020). 
These systems use AI techniques, such as natural language processing, machine learning, and data analytics, to analyze student 
responses and provide feedback based on predefined criteria. AI-supported assessment systems can be used for formative and 
summative assessments, providing targeted feedback, identifying misconceptions, and supporting self-regulated learning. 
These systems can save teachers' time in grading and provide immediate feedback to students, leading to improved learning 
outcomes (Hwang et al., 2020). 

The current trends in AI-based instructional tools, AI-enabled learning environments, and AI-supported assessment in 
science education demonstrate the potential of AI to transform traditional teaching and learning practices. These trends 
emphasize the importance of leveraging AI to provide personalized, adaptive, and interactive learning experiences, which 
enhance student engagement, motivation, and learning outcomes. Integrating AI in science education also presents 
opportunities for more efficient and effective assessment and feedback processes and the creation of experiential learning 
environments. However, some related challenges in pedagogical practices must be addressed to fully harness AI's potential. 
 

4.1. AI-based instructional tools and AI-enable learning environments in science education 

 

Researchers (e.g., Table 1) have demonstrated the critical role of AI-based Instructional Tools in augmenting teaching 
by supporting teachers and learners to achieve improved learning outcomes. These tools redefine teaching and learning by 
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seamlessly integrating technology to support teachers and learners. This augmentation promotes personalization, interactivity, 
and collaborative engagement, ultimately leading to enhanced learning outcomes and a reimagined educational experience. 

For example, Adaptive Learning systems, powered by Intelligent Tutoring Systems, augment teaching by providing 
personalized instruction and real-time feedback tailored to individual students’ needs. In this regard, teachers facilitate 
learning through AI-based Instructional Tools by designing and overseeing AI integration, while learners actively engage with 
adaptive content to enhance their understanding. Research (Akkila et al., 2017; Ma et al., 2014) demonstrates that such 
strategies improve learning outcomes and increase student engagement, setting a foundation for personalized education. 
Similarly, Automated Essay Scoring tools using Natural Language Processing augment efficiency in grading while supporting 
iterative skill development. Teachers enhance the process by providing contextual insights, while learners use AI-generated 
feedback to refine their work. Studies (Contreras et al., 2019) underscore the dual benefits of increased efficiency and 
enhanced learner autonomy. Immersive technologies such as Virtual and Augmented Reality have been shown to offer 
opportunities to explore complex concepts interactively (Tan & Waugh, 2013). In this instance, teachers guide these 
explorations by integrating them into lesson plans while learners actively participate, fostering deeper understanding and 
motivation (Delello, 2014; Tan & Waugh, 2013). Complementing this, Robotics-based learning, informed by Computer Vision, 
emphasizes practical STEM engagement, encouraging collaborative problem-solving and hands-on learning (Wawan et al., 
2022). Other tools, such as Chatbots and Virtual Labs, support teaching and learning by promoting independent learning and 
safe experimental exploration while teachers ensure meaningful oversight while learners gain autonomy and engage with 
complex tasks in flexible environments (De Jong et al., 2014; Hwang & Chang, 2021). 
 

4.2. AI supported assessment in science education 

 

AI-supported assessment also plays a critical role in augmenting teaching by enhancing the evaluation of learning and 
the feedback processes (Table 2). These tools, driven by advanced AI strategies, integrate real-time data analysis, personalized 
feedback, and adaptive support, creating a dynamic assessment environment that supports teachers and learners in achieving 
improved outcomes. 

Research shows that automated Essay Scoring and Automated Feedback, both utilizing Natural Language Processing, 
streamline evaluation and feedback processes. These tools offer immediate, actionable insights into writing and performance, 
enabling learners to iteratively refine their skills while teachers focus on nuanced guidance and deeper instructional tasks 
(Contreras et al., 2019; Zhu et al., 2020). The consistency and efficiency in grading improve the quality of assessment and 
promote self-regulated learning. Adaptive Assessment and Intelligent Tutoring Systems, powered by Machine Learning and 
Knowledge Tracing, personalize tasks and provide targeted scaffolding based on learners’ progress. Teachers use insights from 
these systems to design tailored interventions, while learners engage actively with adaptive tools, fostering deeper 
understanding and autonomy. These approaches enhance motivation and mastery of knowledge (Ciolacu et al., 2018; Duffy & 
Azevedo, 2015). Peer Assessment and Learning Analytics complement automated processes by integrating human and AI 
insights. Data-driven peer evaluations and predictive analytics help students develop critical thinking and reflective skills while 
enabling early identification of at-risk learners. Teachers facilitate these processes, designing interventions and fostering 
engagement to improve outcomes (Bañeres et al., 2020; Darvishi et al., 2022). 

While still under development, current research demonstrates that AI-supported assessments redefine traditional 
approaches by seamlessly integrating advanced technologies to enhance efficiency, personalize learning experiences, and 
foster greater engagement. By enabling teachers to focus on higher-order instructional tasks and empowering learners with 
real-time, actionable feedback, these tools promote a collaborative and adaptive learning ecosystem that drives improved 
educational outcomes and prepares students for future learning challenges. 
 

4.3. AI supported assessment in science education 

 

The literature further suggests that AI-based instructional tools, AI-enabled learning environments, and AI-supported 
assessment tools can be integrated (Figure 1). For example, Intelligent Tutoring Systems can be embedded in Virtual Reality 
environments to provide personalized tutoring, allowing students to engage in immersive learning while receiving real-time 
feedback and adaptive instruction (Pharswan, 2022) (Table 3). Similarly, Automated Essay Scoring systems, coupled with 
intelligent feedback, can grade students' work and offer detailed, personalized insights on writing skills and content 
understanding, thus guiding further learning (Contreras et al., 2019; Sethi & Singh, 2022). Virtual Labs can also integrate 
capabilities for continuously monitoring and assessing students' activities, providing real-time feedback through learning 
analytics (Vozniuk et al., 2015). Comprehensive AI learning platforms can integrate different elements to offer a holistic learning 
experience, adapting to individual student needs and providing continuous assessment and engaging learning scenarios (Hsieh 
& Chen, 2019). These strategies demonstrate AI's potential to create dynamic, personalized, and effective educational 
experiences in science education. 
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Table 1 Summary of AI-based instructional tools for integrating AI in science education. 

Strategy Type of AI Augmentation 

Strategies 

Teacher’s Role Learner’s Role Reported Outcomes Examples of 

literature 

Adaptive 

Learning 

Intelligent 

Tutoring 

Systems 

Provides 

personalized 

instruction and 

real-time feedback 

tailored to 

individual needs, 

enhancing 

engagement and 

outcomes. 

Designs and 

oversees AI 

integration 

provides 

supplemental 

guidance and 

monitors 

progress. 

Actively engages 

with adaptive 

content and 

applies feedback 

to improve 

understanding. 

Improved student 

learning outcomes, 

increased 

engagement, and 

personalized 

instruction. 

Customized learning 

experiences for 

individual students. 

Akkila et al. 

(2017); Ma 

et al. (2014) 

Automated 

Essay Scoring 

Natural 

Language 

Processing 

Enhances grading 

efficiency and 

consistency, 

provides 

immediate, 

actionable 

feedback, and 

supports writing 

skill development. 

Reviews AI-

generated 

feedback, offers 

contextual 

insights and 

addresses 

nuanced issues. 

Utilizes feedback 

to revise and 

improve writing 

skills iteratively. 

Efficient and 

consistent grading, 

feedback, and 

improved writing 

skills 

Contreras et 

al. (2019); 

Sethi and 

Singh (2022) 

Virtual and 

Augmented 

Reality 

Virtual Reality 

(VR) and 

Augmented 

Reality (AR) 

Creates immersive 

environments for 

exploring complex 

concepts 

interactively, 

fostering deeper 

understanding and 

motivation. 

Facilitates 

exploration, 

contextualizes 

experiences, and 

integrates with 

broader lesson 

plans. 

Actively 

participates in 

VR/AR 

simulations, 

exploring and 

constructing 

knowledge 

interactively. 

Enhanced 

understanding of 

complex science 

concepts, increased 

motivation and 

engagement 

Delello 

(2014); Tan 

and Waugh 

(2013) 

Robotics Computer 

Vision and 

Educational 

Robotics 

Enables hands-on, 

interactive STEM 

activities, 

improving 

engagement and 

problem-solving 

skills through 

practical learning. 

Guides robotic 

activities 

connects tasks to 

curriculum goals 

and encourages 

collaborative 

learning. 

Engages in hands-

on activities, 

experiments, and 

collaborative 

problem-solving 

with robotics. 

Increased student 

interest and 

engagement in 

science activities; 

improved problem-

solving skills, hands-

on learning 

experiences, and 

increased interest in 

science. 

Wawan et 

al. (2022). 

Chatbots Natural 

Language 

Processing 

Offers real-time, 

personalized 

assistance, 

answering queries, 

and promoting 

independent 

learning. 

Provides 

oversight on 

chatbot content, 

clarifies complex 

topics, and 

encourages 

inquiry. 

Seeks support 

from chatbots for 

clarification and 

feedback, 

promoting self-

directed learning. 

Personalized 

assistance, 

increased 

engagement, self-

directed learning, 

and learning 

outcomes. 

Hwang & 

Chang 

(2021). 

Virtual Labs Machine 

Learning 

Simulates 

laboratory 

experiments, 

offering a safe, 

flexible 

exploration of 

scientific principles 

and processes. 

Designs 

experiments, 

contextualizes lab 

activities and 

interprets results 

alongside 

students. 

Actively performs 

virtual 

experiments, 

analyzes results, 

and applies 

concepts to 

problem-solving. 

Increased student 

understanding of 

complex concepts 

De Jong et 

al. (2014) 
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Gamification Reinforcement 

Learning 

Rewards progress 

through game-like 

elements, 

enhancing 

motivation, 

engagement, and 

persistence in 

tasks. 

Sets goals, 

monitors learner 

progress and 

integrates 

gamified tasks 

with broader 

learning 

objectives. 

Completes 

gamified 

challenges, earns 

rewards, and 

stays motivated to 

achieve learning 

goals. 

Improved student 

motivation and 

interest in STEM 

subjects 

Chans and 

Portuguez 

Castro 

(2021) 

Simulations Expert Systems Creates virtual 

problem-solving 

scenarios, allowing 

students to 

explore and apply 

concepts in 

realistic settings. 

Facilitates 

simulation use, 

provides 

scaffolding for 

problem-solving, 

and interprets 

outcomes. 

Engages in 

simulations, 

experimenting 

with different 

solutions and 

learning from 

outcomes. 

Improved student 

problem-solving 

skills. 

Avramiotis 

and 

Tsaparlis 

(2013); 

Ceberio et 

al. (2016) 

Data 

Analytics 

Neural 

Networks 

Analyzes student 

performance data 

for personalized 

feedback, progress 

tracking, and 

targeted 

interventions. 

Uses analytics to 

identify student 

needs, adjust 

teaching 

strategies, and 

provide timely 

support. 

Responds to 

personalized 

interventions, 

tracks progress, 

and reflects on 

learning patterns. 

Improved student 

understanding of 

experimental data 

analysis. 

Lau et al. 

(2019) 

 

Table 2 Examples of AI-supported assessment in science education enhance the assessment of learning and feedback processes. 

Strategy Type of AI Augmentation 

Strategies 

Teacher’s Role Learner’s Role Reported Outcomes Examples 

of 

literature 

Automated 

Essay 

Scoring 

Natural 

Language 

Processing 

Evaluates and 

grades essays 

consistently, 

providing 

immediate 

feedback on 

writing quality and 

content. 

Monitor AI 

outputs, provide 

supplementary 

feedback, and 

address nuanced 

issues. 

Review feedback 

to improve 

writing and critical 

thinking skills. 

Efficient and consistent 

grading, feedback, and 

improved writing skills 

Contreras 

et al. 

(2019); 

Sethi and 

Singh 

(2022) 

Adaptive 

Assessment 

Machine 

Learning 

Personalizes 

assessments to 

individual learning 

levels, adjusting 

difficulty based on 

student 

performance. 

Interpret AI-

driven insights to 

tailor instructional 

strategies. 

Engage with 

adaptive tasks 

and reflect on 

feedback to guide 

self-paced 

learning. 

Improved personalization 

and adaptivity in 

assessment tasks based 

on individual students' 

learning needs and 

performance. Enhanced 

engagement and 

motivation in students 

towards learning. 

Ciolacu et 

al. (2018) 

Automated 

Feedback 

Natural 

Language 

Processing 

Offers immediate, 

personalized 

feedback on tasks, 

enabling self-

regulated learning 

and knowledge 

enhancement. 

Ensure alignment 

of feedback with 

learning 

objectives and 

provide 

clarification. 

Actively apply 

feedback to 

improve 

performance and 

deepen 

understanding. 

Immediate and 

personalized feedback to 

students, facilitating self-

regulated learning and 

promoting deeper 

understanding. 

Zhu et al. 

(2020). 

Peer 

Assessment 

Data 

Analytics 

Enhances the 

quality and 

reliability of peer 

feedback through 

Facilitate peer 

assessment 

processes and 

encourage 

Provide 

thoughtful 

feedback and 

Improved critical thinking 

and evaluative skills in 

students. Increased 

engagement and active 

Darvishi et 

al. (2022) 
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data-driven 

insights on 

performance and 

trends. 

reflective 

discussions. 

learn through 

peer interactions. 

participation in the 

assessment process. 

Automated 

Grading 

Computer 

Vision 

Speeds up grading 

of assignments, 

especially for 

objective tasks, 

reducing teacher 

workload. 

Validate AI-

generated grades 

and focus on 

higher-order 

instructional 

tasks. 

Review grades 

and seek 

clarification on 

automated 

feedback if 

needed. 

Faster and more efficient 

grading process with 

reduced grading 

workload for teachers. 

Enhanced feedback 

delivery and formative 

assessment 

opportunities. 

Patole et 

al. (2016). 

Learning 

Analytics 

Predictive 

Analytics 

Identifies at-risk 

students and 

trends in learning 

behaviors, enabling 

targeted 

interventions. 

Use analytics to 

design 

interventions and 

support 

individualized 

learning plans. 

Reflect on 

analytics-based 

feedback to 

enhance 

engagement and 

achievement. 

Early identification of at-

risk students and 

personalized 

interventions to improve 

learning outcomes. 

Improved student 

engagement, retention, 

and academic 

performance. 

Bañeres et 

al. (2020) 

Intelligent 

Tutoring 

System 

Knowledge 

Tracing 

Provides real-time, 

adaptive support 

and scaffolding 

based on learners' 

progress and 

knowledge state. 

Guide learners in 

using tutoring 

systems and 

supplement 

automated 

instruction. 

Engage actively 

with the system 

to build 

understanding 

and autonomy. 

Adaptive support and 

feedback to students 

based on their 

knowledge state 

improved student 

learning outcomes and 

mastery of knowledge, 

enhancing student 

motivation and 

engagement in the 

learning process. 

Duffy and 

Azevedo 

(2015) 

 

Table 3 Interfacing instructional tools, assessment tools, and learning environments. 

Interface Examples of AI 

Strategies 

Augmentation 

Strategies 

Teacher’s Role Learner’s Role Examples 

of literature 

AI-based 

Instructional Tools 

+ AI-enabled 

Learning 

Environments 

Intelligent Tutoring 

Systems in Virtual 

Reality provide 

personalized tutoring in 

a VR environment, 

enabling immersive 

learning and adaptive 

feedback. 

Facilitates 

engagement through 

immersive, 

interactive scenarios 

while offering real-

time feedback 

tailored to individual 

needs. 

Acts as a guide, 

monitors progress, 

and supports 

students' cognitive 

and emotional 

development. 

Actively participates in 

immersive learning 

experiences and 

applies real-time 

feedback to enhance 

understanding. 

Pharswan 

(2022) 

AI-based 

Instructional Tools 

+ AI-supported 

Assessment Tools 

Automated Essay 

Scoring with Intelligent 

Feedback grades work 

and provides detailed, 

personalized feedback 

on writing and content 

understanding. 

Enhances formative 

and summative 

assessment 

processes, saving 

time for more 

focused instruction. 

Facilitates 

discussions on AI-

provided feedback 

and supports 

learners' skill 

improvement. 

Reviews AI feedback 

to refine their skills, 

engages in self-

directed learning to 

address gaps. 

Contreras 

et al. 

(2019), 

Sethi and 

Singh 

(2022) 

AI-enabled 

Learning 

Environments + AI-

In Virtual Labs with 

Learning Analytics, AI 

continuously monitors 

and assesses student 

Creates a safe, 

exploratory learning 

environment while 

analyzing progress 

Guides scientific 

inquiry clarifies 

concepts and 

supports 

Engages in hands-on 

experimentation and 

applies feedback to 

Vozniuk et 

al. (2015) 
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supported 

Assessment Tools 

progress, providing real-

time feedback and 

insights. 

and identifying 

learning obstacles. 

experimentation 

through mentorship. 

improve scientific 

reasoning and skills. 

AI-based 

Instructional Tools 

+ AI-enabled 

Learning 

Environments + AI-

supported 

Assessment Tools 

Comprehensive AI 

Learning Platforms 

integrate tools, 

environments, and 

assessments, adapting 

to students’ needs and 

offering continuous 

learning and feedback. 

Coordinates the use 

of the platform, 

interprets analytics, 

and personalizes 

interventions based 

on student needs. 

Collaborates with the 

AI system, actively 

engages in learning, 

and reflects on 

progress. 

 
Hsieh and 

Chen 

(2019) 

 

5. Understanding the Current Trends 

 

Current literature demonstrates a transformation in science education driven by the adoption of AI-based instructional 
tools, AI-enabled learning environments, and AI-supported assessment tools. This evolution marks a shift from traditional 
methods relying on lectures, chalkboards, and printed materials to digital, AI-supported approaches. The unique AI capabilities 
driving this evolution are that AI technologies offer personalized and adaptive learning experiences, immersive environments, 
and efficient assessment methods, enhancing student engagement, motivation, and learning outcomes while addressing 
educational challenges and promoting critical thinking and self-directed learning. 
 

5.1. AI as a teaching augmentor 

 

There is evidence of growing trends where AI facilitates interactions between the teacher and student, the learning 
materials and student, and the learning environment and students. In this sense, AI's role can be defined as a learning 
facilitator. This observation has critical implications for teachers, whose roles in the era of constructivism, inquiry-based 
learning, and learner-centered learning have primarily been that of learning facilitators (Jagtap, 2016). However, teachers are 
limited in facilitating learning as they cannot provide personalized learning, real-time and immediate analytics, and feedback. 
They also experience bias, subjectivity, fatigue, and burnout, affecting students' academic achievement (Madigan et al., 2023). 
Consequently, AI is emerging as an alternative learning facilitator by addressing these teacher limitations, suggesting a need 
to rethink the role of the teacher. AI tools can support teachers by reducing the administrative burden, allowing them to focus 
more on mentoring and supporting students' cognitive and emotional needs (Zawacki-Richter et al., 2019). AI can also support 
learners by offering personalized learning based on individual student learning needs and real-time analytics (Luckin & Holmes, 
2016). In this sense, AI is a Teaching Augmentor designed to enhance and support teachers by providing AI-based instructional 
tools, creating AI-enabled learning environments, and offering AI-supported assessment tools, facilitating personalized 
learning, real-time feedback, and adaptive teaching strategies. 

The growing adoption of AI may also be attributed to the knowledge explosion over the last century when teachers and 
traditional learning methods struggled to keep pace with rapid knowledge generation. Consequently, relying solely on 
traditional learning methods that use printed learning materials may hinder learners' ability to access the most current 
information. These traditional methods have also been cited for fostering cognitive overload, leading to poor academic 
achievement (Chang & Ley, 2006). However, printed learning materials such as textbooks remain essential in science education 
by providing reference guides and structured instructional frameworks (Lau et al., 2018). Therefore, integrating AI does not 
necessitate the abandonment of printed materials. Instead, AI should augment these tools by providing real-time updates and 
personalized learning experiences. For instance, AI can supplement textbooks with interactive content and up-to-date 
information, ensuring learners engage with the latest scientific discoveries (Yang et al., 2023). This approach allows teachers 
to focus more on facilitating critical thinking and problem-solving skills rather than solely delivering content. Therefore, 
augmenting traditional learning materials with AI creates a more dynamic and responsive learning environment that supports 
current knowledge acquisition and the enduring value of structured learning frameworks. 

Literature suggests that AI-based instructional tools, AI-enabled learning environments, and AI-supported assessment 
tools generally improve learning outcomes compared to traditional methods. This improvement is primarily due to AI's ability 
to offer personalized learning experiences tailored to individual students' preferences and needs (Yang et al., 2023). AI provides 
immediate feedback and sophisticated data analytics, enabling adaptive learning paths and targeted interventions (Luckin & 
Holmes, 2016). Despite these benefits, the essential human interaction between teachers and learners, which includes offering 
affective and moral support, cannot be replaced by AI (Ruzek et al., 2016). Human teachers play a crucial role in motivating 
students, addressing their emotional needs, and fostering a supportive learning environment, aspects that AI cannot replicate. 
Therefore, while AI enhances learning outcomes, it should not replace teachers. Instead, AI can serve as a Teaching Augmentor, 
supporting teachers by handling routine tasks and providing insights, thus allowing them to focus more on student engagement 
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and personalized instruction (Williamson & Eynon, 2020). Integrating AI in education should be viewed as a way to augment, 
rather than replace, the vital role of teachers for maximum learner benefit. 
 

5.2. Implications for teacher training and scienc teaching 

 

The current trends in the integration of AI in science teaching have several implications for teacher training and science 
teaching. Institutions for teacher training may need to revise their curricula to integrate the emerging role of AI as a Teaching 
Augmentor. This involves incorporating technical training on AI tools and redefining the role of teachers, acknowledging that 
AI is assuming some of their traditional responsibilities. Training programs focusing on effective strategies for augmenting 
teaching with AI are also essential. These programs should use AI-based instructional tools, AI-enabled learning environments, 
and AI-supported assessment methods to enhance teaching practices and improve student learning outcomes (Mnguni, 2024). 
Teachers should also be trained to leverage AI to foster teamwork, problem-solving, and critical thinking skills among students 
(Zawacki-Richter et al., 2019). This training should emphasize how AI can support instructional strategies, allowing teachers to 
focus more on mentoring and engaging with students personally (Yang et al., 2023). Moreover, science education curricula 
must be updated to include AI literacy, ensuring that teachers and students are proficient with AI technologies and their 
applications. This includes developing pedagogical strategies integrating AI to facilitate personalized and adaptive learning 
(Luckin & Holmes, 2016). Ongoing professional development is also critical. Institutions should provide continuous support 
through workshops, seminars, and online courses to keep teachers updated on AI advancements and pedagogical strategies. 
This ensures that educators can effectively integrate AI into their teaching practices over time, fully harnessing its potential to 
enhance student learning outcomes. 
 

6. Future Perspectives 

 

The integration of AI in science education as a teaching augmentor presents promising avenues for future research and 
practical implementation. However, the current literature remains largely exploratory, necessitating more nuanced 
investigations into context-specific applications and long-term outcomes. One key direction for expansion involves examining 
the pedagogical implications of AI as a teaching augmentor across different scientific domains and educational levels. For 
instance, how AI supports inquiry-based learning in physics may differ significantly from its role in conceptual understanding 
in biology. Such specificity remains underexplored and warrants detailed investigation (Mnguni et al., 2024). 

Practically, the current review suggests a need for comprehensive professional development frameworks that empower 
educators to implement AI tools effectively. In this regard, teacher training programs should focus on technical skills and 
pedagogical strategies for integrating AI in ways that align with curriculum goals and learner diversity (Luckin & Holmes, 2016). 
Nonetheless, infrastructural disparities, ethical concerns, and institutional resistance pose significant challenges to widespread 
adoption and require adequate policy developments to enable the effective integration of AI in science education. 

Methodologically, future research would benefit from mixed-methods approaches, combining the statistical rigor of 
quantitative studies with the depth of qualitative inquiry to capture the complex dynamics of AI-mediated learning 
environments. Additionally, advances in machine learning and adaptive technologies offer opportunities to design more 
personalized and responsive educational interventions (Zawacki-Richter et al., 2019). These developments also underscore the 
necessity for interdisciplinary collaborations between science education, cognitive science, data analytics, and ethics, to ensure 
that AI applications are pedagogically sound, equitable, and contextually appropriate (Kiemde & Kora, 2022). 

Therefore, while the current study lays a foundational understanding, future research must move beyond descriptive 
overviews to critical, context-sensitive analyses that address both the potential and pitfalls of AI in science education. Such 
work is essential to develop robust, scalable, and ethically informed AI-enhanced learning ecosystems. 
 

7. Final Considerations 
 

The trends reported in this manuscript highlight the potential of AI-based instructional tools, AI-enabled learning 
environments, and AI-supported assessment to augment teaching in science education. These technologies offer personalized 
and adaptive instruction opportunities, immersive and interactive learning experiences, and timely feedback, which can 
enhance student engagement, motivation, and learning outcomes. While the benefits of AI integration in science education 
are evident, there are still opportunities for future research. Further studies are needed to examine the impact of specific AI 
tools and techniques on student engagement, motivation, and achievement in science. Such research should also consider 
specific challenges and opportunities, such as those faced in developing countries. 

Furthermore, the potential of AI in supporting personalized and adaptive learning requires exploration and addressing 
the ethical, legal, and social implications of AI integration. Additionally, investigating the role of AI in promoting interdisciplinary 
and collaborative learning can contribute to developing evidence-based guidelines and best practices. Based on the current 
trends, integrating AI in science education is promising to improve teaching, learning, and assessment practices. By leveraging 
AI-based instructional tools, AI-enabled learning environments, and AI-supported assessment approaches, educators can 
enhance student engagement, motivation, and learning outcomes in science education. Continued research and exploration 
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in this field will further advance the integration of AI and contribute to evidence-based guidelines, fostering the development 
of effective AI-driven practices in science education. 
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