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Abstract 

This paper provides an in-depth exploration of how assistive Artificial Intelligence (AI) 

powered learning technologies are transforming and reshaping today's education by making it 

personalized, accessible, and efficient as well as fostering lifelong sustainable development. 

There has been a remarkable change in education driven by various advances in technologies. 

AI has tremendous potential for promoting equity, inclusion and access to science, 

technology, engineering, and mathematics (STEM) education, including students coming 

from low socio-capital. Despite rapid technological advancements in the STEM fields, 

educators in South Africa remain on peripherals on the use of assistive AI technologies, 

perpetuating traditional methods of teaching that creates inequities. Recent educational 

policies emphasize accommodating the diverse needs of all students, fostering learning within 

the same community. Since AI as new technologies possesses the potential to transform 

pedagogical practices, it is important for teachers to understand how they can use assistive AI 

technologies to support inclusive education. Despite the ubiquitous of these technologies in 

our societies, teachers have limited knowledge to embrace them in their classrooms to 

enhance learning. This systematic review investigates the integration and impact of assistive 

AI technologies on equity, inclusion, engagement, motivation, and lifelong learning within 

STEM education in South African schools and universities. Findings suggest that use of 

assistive AI and improve student engagement, motivation, and personalized learning 

experiences within the STEM domain. There is further evidence from the results that teachers 

lack knowledge on how to use assistive AI technologies in their classrooms. The results send 

a good message to educational, curriculum planners and relevant stakeholders that there is a 

need to have workshops to empower teachers with skills and knowledge to use assistive AI 

technologies in their classrooms. We contend that assistive AI-driven pedagogy could be 

superior for analysing learner data, adapting instructional content, and providing scalable, 

consistent on-demand training.  
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Introduction 

The 21st century skills are anchored on critical thinking, innovativeness, adaptability, and 

creativity, among other things. Thus, to fit into the world that is everchanging due to 

technological advancements, contemporary students must possess these competencies (Yadav, 
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2025). This implies that learners should be prepared for digital age as early as possible in 

their schooling system. They should be gradually introduced to computational thinking (CT) 

and programming concepts to enhance their problem-solving skills and analytic reasoning. 

The contemporary student learning needs require active engagement, guided by personalised 

learning experiences (Lampropoulos, et al., 2025). CT is fundamental in problem solving as it 

provides students with the technique that supports ideas to work out the solution to the 

problem. In addition, CT equip students with higher order thinking a concept that STEM 

teachers should develop and provide. As 21st century unfolds the educational landscape is 

undeniably being influenced by emerging technologies such as artificial intelligence (AI) 

machine learning (ML) and large language models (LLM) especially in STEM education. 

STEM holds a pivotal role in shaping the future of society and humanity at large. As the 

foundation rock of innovation, and technological advancement, STEM subjects are driving 

force that fuels promote economic growth, together with CT help to solve complex problems 

and enhancing quality of life (Zhai and Krajcik, 2024). Building computational skills in 

STEM subjects is vital as it is linked to higher order thinking that provides students with 

abilities that can be applied to all scientific domains. These competencies can be used for 

different problem- solving techniques and varied levels of abstraction can be applied based on 

the context in which they are embedded (Yadav, 2025). 

This review focuses specifically on the South African context, where the adoption of AI in 

STEM education is still emerging. It seeks to understand how assistive AI tools can be 

harnessed to address the challenges of inequity, limited educator capacity, and access to 

lifelong learning opportunities in South African schools and universities. (Kohnke & Zaugg, 

2025; Batsaikhan & Correia, 2024). It has been noted this integration into teaching and 

learning goes beyond digitization (Chetry, 202), as it offers a plethora of possibilities from 

personalized learning paths to adaptive assessments. The disruptive force of AI is reshaping 

traditional methods of education, changing the essence of teaching and learning. Despite the 

ubiquitous of AI technologies in our societies, teachers have limited knowledge to embrace 

them in their classrooms to enhance learning. According to Lampropoulos, et al. (2025), the 

potential that AI offers to help meet students’ educational needs remain obscured and not 

clear, and little is known on how AI and CT can revolutionise education. The current articles 

address the advantages of using AI applications in enhancing teaching (Kohnke & Zaugg, 

2025) yet little is being said about STEM. AI has potential to address the challenges STEM 

teachers face to support critical thinking, inquiry and problem solving by using tools such as 

intelligent tutors (Ramadhan et al., 2024; Batsaikhan & Correia, 2024). To develop critical 

thinkers, educators in STEM discipline, should start embracing inculcating use of AI to 

promote inquiry-based problem-solving skills. 

AI technologies in transforming STEM learning. 

The ubiquitous of AI technologies, alongside the availability of large datasets, has given birth 

of sophisticated learning tools that can personalize education and enhance learning outcomes. 

In the South African STEM education system, often characterized by inequalities in access, 

teacher capacity, and infrastructure. AI and ML technologies offer potential to support equity 

and inclusion and promote lifelong, sustainable learning subverting the longstanding 
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challenges in education, such as the failing to offer the need for individualized learning paths, 

the improvement of student engagement and assessment that provide immediate feedback and 

increase learner performance (Chassignol et al., 2018).  AI has transformed leaning and is 

making an impact in education. One of the later tools used in teaching and learning is through 

intelligent tutoring systems. This AI tool uses algorithms to provide learning environment and 

personalized instruction with relevant feedback to learners, fitting their learning pathway 

styles and paces. Such tutoring system learns the challenges the learner faces and adjust the 

questions and exercises that provide the scaffolding and additional resources, helping them to 

improve. This approach is needed in STEM education, where complex and abstracts concepts 

are common. A solid understanding of foundational material before moving on to more 

advanced topics is required (Joseph & Uzondu, 2024). By continuously using the intelligent 

tutoring systems, learners can increase their learning performance and learning style. 

Intelligent tutoring systems can offer a student customized learning style and pave a new way 

to practice exercises. According to Joseph & Uzondu (2024) confirm that intelligent tutoring 

systems offer personalized and the approach has been found to be effective in STEM 

education, particularly where many students face some challenges with concepts that are so 

abstract to understand.  

Another significant tool that is significant in STEM education is adaptive learning, a tool 

powered by AI. This is an educational approach that utilizes emerging technologies such as 

AI and ML to provide personalized learning experiences customised to meet learner 

individual needs, preferences, and learning styles. Explaining the concept differently, 

adaptive learning is pedagogical approach that utilizes advanced technologies, such as 

machine learning algorithms, to tailor student educational content, instructional and 

assessment needs. The system uses real time process and learns the pattern of individual 

learner and provides timely interventions This tool uses data-driven algorithms and artificial 

intelligence to dynamically adjust the content, the delivery, and the pace of instruction based 

on learners’ performance and engagement (Gligorea et al., 2023). Adapting the requirements 

of learner helps students to meet their specific requirements and creates an adaptive learning 

environment that promotes effective and efficient learning. In addition, it increases learner 

engagement and ultimately increasing educational outcomes. This approach provides ease to 

leaners as they are not overwhelmed in their learning, but keep the learners motivated, 

fostering a new learning pathway which is more engaging and effective learning experience. 

Adaptive learning systems is relevant is STEM education, as it provides an informed 

decisions that foster personalized learning experiences and optimise learning outcomes 

(Joseph & Uzondu, 2024). 

As alluded earlier, many educators in STEM subjects are not aware of these AI assistive tools 

that can change the face of pedagogical practice common among many. Thus, educators and 

must have a proper training and be equipped with correct knowledge to effectively utilize AI 

technologies in their teaching practice, and tailor the tools to enhance learning experiences 

(Gligorea et al., 2023). AI assistive tools can transform traditional methods of teaching and 

crate new pedagogical approaches that offer skills such as critical thinking, collaboration, and 

creativity. Thus, it is imperative for STEM educators in this contemporary era to explore how 
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AI-driven educational environments work and how they can enhance learning outcomes. 

UNESCO (Holmes & Miao, 2023) is appealing the use of AI in education because it offers 

rare opportunities that may transform pedagogical practices and address major educational 

challenges associated with traditional methods. In addition, there is a wide call for 

educational policies to integrate emerging technologies that foster equity and inclusive 

education driven by AI. 

Methodology 

This study systematically reviews literature focused on how assistive AI technologies are 

currently being used in South African STEM education and examines the preparedness of 

educators to implement these technologies in ways that support equity, inclusion, and lifelong 

learning. The articles that were investigated are from January 2023 to March 2025. The 

publications were selected from Scopus and Web of Science. These periods were chosen 

because the AI tools became notably common on the birth of generative AI in late 2022 

exploded exponentially thereafter..These databases were selected for their extensive 

publication of up-to-date articles on the phenomenon being investigated. 
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Figure 1 show Boolean searching criteria that was used to retrive some journals from both 

Scopus and Web of Science. The manuscripts that were extracted from the databases were 

mixed bag, as some were empirical studies, some systematic reviews and others were 

bibliometric. Table 1 indicates the final literature that was used in the study, and it provide 

brief findings about STEM education and use of AI to foster equity and inclusive education. 

The study aims to explore how assistive AI tools are used by STEM educators to promote, 

inclusive and sustainable learning. The research question is: What is usage level of assistive 

AI technologies in STEM education in fostering equity, inclusive and sustainable learning 

required in the digital era?  

Table 1:AI and STEM documentation 
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Findings and Discussion 

The integration of assistive AI technologies in STEM education in South Africa holds great 

potential to promote equity, inclusion, and lifelong sustainable learning. However, the 

realities within the South African context are marked by disparities in infrastructure, training, 

and digital access and these present significant challenges to realizing this potential. 

Authors Year Findings 

 

Kamukapa T.D.; Lubinga S.; 

Masiya T.; Sono L. 

2025 • AI competencies are not adequately integrated into 

curricula  

• There is AI competency gap in curricula of the assessed 

South African education institutions.  

Recommendations 

• Equip teachers absorb opportunities and challenges 

presented by AI, and maximise the potential of this 

transformative technology 

Saal, P. E., Chetty, K., 

Ntshayintshayi, N., Moosa, T., & 

Masuku, N. (2025) 

2025 • AI has potential to provide personalised learning 

experiences, enhance inclusivity, and support special 

needs education 

• Infrastructure deficiencies pose significant barriers.  

• Effective AI deployment requires educators to develop 

technical skills and understand AI ethics to address biases 

and privacy issues. 

Fayzullina A.R.; Zulfugarzade 

T.E.; Kondakchian N.A.; 

Aytuganova J.I.; Khvatova 

M.A.; Kelina K.G. 

2024 • There is evidence of the effects of STEM education on 

learning outcomes. 

 

Recommendation 

• The use of artificial intelligence, project-based learning, 

and active learning is advocated. 

 

Falebita, O. S., & Kok, P. J. 

(2024). 

2024 • Artificial intelligence (AI) has been at the forefront of 

changing approaches to instructional activities. 

• AI tools are strategically utilized by STEM academics in 

education to engage students in learning activities, 

administrative processes, information searches, content 

generation, paraphrasing academic content, grammar 

checks, teaching, and research.  

• STEM students utilize AI tools for information searching, 

self-learning, content generation, paraphrasing, grammar 

checking, and research. 

Ramulumo M.; Shabalala N.P. 2024 • The integration of AI brings forth challenges, particularly 

concerning data privacy, security, and the need for 

equitable access to technology.  

• AI promises to play an important role in lifelong learning, 

offering modular and just-in-time educational 

opportunities 

Opesemowo, O. A. G., & 

Adekomaya, V. (2024). 

2024 • AI technology has increased the chances for collective 

learning. 

• AI technology can improve personalized learning 

experiences of students with diverse learning styles and 

abilities.  

• This has led to a more inclusive and interactive classroom 

environment where students feel more motivated and 

supported in their learning journey 
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 In addition, the studies reveal unfavourable landscape, where there are opportunities 

available alongside significant systemic challenges. About five (5) themes emerged from the 

study and they reside in the heart of educational context. 

(a)  Potential of Assistive AI for Equity and Inclusion in South African STEM Education 

Several studies underscore AI’s transformative potential to support inclusive and equitable 

learning environments. According to Saal et al. (2025), AI technologies can offer 

personalized learning experiences, catering to diverse student needs, including those with 

disabilities. Similarly, Opesemowo and Adekomaya (2024) add that AI-driven tools 

accommodate different learning styles and abilities, leading to more interactive and inclusive 

classrooms. These capabilities are vital in South Africa’s diverse educational landscape, 

where disparities in learner support and resource availability persist. AI enables differentiated 

instruction through adaptive learning platforms and real-time feedback mechanisms. These 

features not only support learners with special educational needs but also help narrow 

achievement gaps, thereby advancing the goals of equity and inclusive education as outlined 

in the Sustainable Development Goal 4 (SDG 4). 

(b)  Assistive AI and Lifelong Sustainable Learning in the South African Context 

AI technologies also contribute meaningfully to the promotion of lifelong and sustainable 

learning. Ramulumo and Shabalala (2024) highlight that AI supports modular, just-in-time 

learning opportunities, which are essential for adult learners, professionals, and those outside 

traditional education systems. AI-enabled platforms encourage self-directed learning, 

allowing learners to progress at their own pace, revisit complex topics, and engage in 

continuous skills development. Falebita and Kok (2024) emphasize that both students and 

academics in STEM fields leverage AI tools for research, information search, content 

generation, and grammar checking, promoting a culture of autonomous learning and 

knowledge construction. These practices align with constructivist learning theories and 

support the development of critical 21st century skills such as problem-solving, digital 

literacy, and adaptability, which is cornerstones of lifelong learning. 
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(c)  Gaps in Educator Preparedness and Curriculum Integration 

Despite these opportunities, the effective use of AI in fostering inclusion and lifelong learning 

is hindered by a lack of educator readiness and systemic support. Kamukapa et al. (2025) 

identify a critical gap in AI-related competencies within South African education curricula, 

indicating that teachers are neither adequately trained nor supported to integrate AI 

effectively into their teaching practices. Similarly, Saal et al. (2025) argue that educators must 

acquire not only technical skills but also a sound understanding of AI ethics, including how to 

mitigate algorithmic bias and ensure data privacy. Without substantial investment in teacher 

professional development, the integration of AI into STEM education risks reinforcing 

existing inequities, as only well-resourced schools and institutions will be able to implement 

these technologies effectively. Teacher capacity-building is, therefore, not only a pedagogical 

necessity but also an issue of educational justice. 

(d) Infrastructure and Digital Divide 

Another prominent theme across the studies is the digital divide, which poses a substantial 

barrier to the equitable use of assistive AI in education. Saal et al. (2025) and Ramulumo and 

Shabalala (2024) both report that infrastructure deficiencies, including inadequate internet 

access, lack of devices, and unreliable electricity, limit the scalability of AI interventions in 

many South African schools and universities, particularly in rural and underserved areas. 

These infrastructural barriers reinforce systemic inequalities and limit learners’ and 

educators’ ability to fully benefit from the opportunities AI offers. Addressing these 

challenges requires a coordinated national strategy that includes investment in digital 

infrastructure, partnerships with private sector stakeholders, and targeted support for under-

resourced schools. 

(e) Strategic Use of AI in STEM Learning 

Despite infrastructural and pedagogical challenges, some evidence points to the emerging 

strategic use of AI tools in STEM education. Falebita and Kok (2024) observe that both 

academics and students use AI for a range of academic functions, such as content 

development, administrative support, and academic writing. This practical adoption suggests 

a bottom-up engagement with AI technologies, even in the absence of institutional policies or 

formal training. Furthermore, Fayzullina et al. (2024) advocate for the use of project-based 

and active learning methodologies supported by AI, which aligns well with the goals of 

inclusive and student-centred education. These practices encourage learners to take 

ownership of their learning and apply STEM concepts to real-world problems, thereby 

enhancing both engagement and retention. 

The literature does not reveal the usage of assistive AI technology in teaching and learning. It 

appears there is not much research in that space. However, authors indicate that teachers have 

low level knowledge on how to use assistive AI technologies to promote new learning 

pathways. Since AI, as recent technologies, they possess the potential to transform 

pedagogical practices. Thus, it is important for teachers to understand how they can use 

assistive AI technologies to support inclusive education. The main hinderance is lack of 
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training that may equip them with the necessary skills needed to transform educational 

landscape characterised by one size-fits-all to one that meet learner space and style of 

learning. The results send a good message to educational, curriculum planners and relevant 

stakeholders that there is a need to have workshops to empower teachers with skills and 

knowledge to use assistive AI technologies in their classrooms.  

 

Conclusion 

While there is a growing body of literature globally on AI in education, specific studies 

detailing the usage, integration, and challenges of assistive AI in the South African STEM 

education system remain limited. This review fills a critical gap by highlighting the 

opportunities and barriers unique to this context, and by proposing strategies to empower 

educators to foster equity, inclusion, and lifelong learning. Instead, it continuously provides 

an optimistic view of the role of assistive AI technologies in promoting equity, inclusion, and 

lifelong sustainable learning in STEM education. Despite clear evidence of AI’s 

transformative power of offering personalized learning experiences customised to meet 

learner individual needs, preferences, and learning styles, teachers still lack knowledge in the 

AI integration space. Many educators in STEM subjects are not aware of these AI assistive 

tools that can change the face of pedagogical practice common in many classrooms. AI 

assistive tools can transform traditional methods of teaching and crate new pedagogical 

approaches that foster skills such as critical thinking, collaboration, and creativity. Thus, it is 

imperative for STEM educators in this contemporary era to be thoroughly prepared to explore 

how AI-driven educational environments work and apply the knowledge learnt to enhance 

learning outcomes. 
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