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Abstract: The education landscape is rapidly changing with the rise of Al, especially in STEM education, where critical thinking
and innovation are key. This literature review focused on how mathematics teachers in higher education are adapting to this Al-
powered STEM Education. This study employed an integrative review of exploring different studies on Al-powered STEM education.
Results showed six (6) emergent key themes: (1) Personalized Learning Paths; (2); Al-powered Tutoring and Feedback; (3) Al-
driven Simulations and Gamification; (4) Enhancing Creativity and Problem-Solving; (5) Promoting Equity and Inclusion; and (6)
Teacher Training and Support. Al brings a wave of innovation to STEM education, with personalized learning, immersive
simulations, and tools to boost creativity and equity. While research shows promise in student engagement and understanding,
challenges like algorithmic bias and overreliance on Al feedback require attention. To unlock Al's full potential, the focus may shift
towards removing bias, developing inclusive tools, and prioritizing teacher training, ultimately creating a more engaging and
equitable learning environment for all STEM students.
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1. INTRODUCTION

“Technology (Al) will never replace great teachers, but technology (A1) in the hands of great teachers is transformational.”
-George Couros

The landscape of education is undergoing a significant transformation due to the relentless advancement of Artificial Intelligence
(Al). This transformative power is particularly relevant in STEM (Science, Technology, Engineering, and Mathematics) education,
where fostering critical thinking and innovation is a foremost intent. This integrative review revolved around the transitional
experiences of mathematics teachers in higher education during this "Al Epoch," a term signifying the profound influence of Al on
various aspects of our lives.

The infusion of Al technologies into education has generated excitement and apprehension among educators, with mathematics
teachers in higher education finding themselves at the forefront of this paradigm shift (Chen, L., Chen, P., & Lin, Z., 2020). As Al
algorithms and machine learning systems become more sophisticated, educators are challenged to adapt their instructional methods to
leverage these technologies effectively (Salas-Pilco, Xiao, & Hu, 2022). This review explored the multifaceted impacts of Al on the
teaching practices, pedagogical approaches, and professional development of mathematics educators in higher education settings,
STEM Education in particular.

One of the key focal points of this integrative review is the examination of how STEM Education governed by mathematics
teachers in higher education harness Al-driven tools to enhance student engagement, foster critical thinking skills, and facilitate
personalized learning experiences (llyas et al., 2022). From intelligent tutoring systems to adaptive learning platforms, educators are
exploring innovative ways to tailor instruction to individual student needs and preferences. Additionally, the review sought to uncover
the challenges and opportunities associated with integrating Al into STEM Education, particularly in mathematics curricula, including
concerns about algorithmic bias, data privacy, and digital equity (Jang, Jeon, & Jung, 2022).

Furthermore, this integrative review explored the role of mathematics teachers as facilitators of Al literacy and computational
thinking skills among students. As society becomes increasingly reliant on Al technologies, there is a growing demand for individuals
with the ability to understand, critique, and ethically deploy these tools. Mathematics educators play a pivotal role in equipping
students with the necessary competencies to thrive in an Al-driven world, preparing them for careers that require fluency in data
analysis, algorithmic reasoning, and problem-solving (Garrido, 2012).

Moreover, the review investigated also the professional development needs of mathematics teachers in higher education amidst
the Al epoch. As educators grapple with the rapid pace of technological change, there is a pressing need for ongoing training and
support to enhance their digital literacy skills, pedagogical competencies, and ethical considerations surrounding Al integration (Blau,
Shamir-Inbal, & Avdiel, 2020). By examining the experiences, perspectives, and insights of mathematics teachers, this review can
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inform future research, policy initiatives, and professional development efforts to foster a more inclusive, equitable, and Al-responsive
STEM education landscape.

The study focused on the application of Al techniques in STEM education, specifically within the domain of mathematics, aiming
to aid instructors and students through the automatic generation of questions, personalized learning experiences, and real-time
feedback mechanisms. Through an integrative review of empirical AI-STEM studies, the research uncovered the intricate relationship
between Al elements and other components of the educational system, highlighting the potential of Al to revolutionize teaching
practices and student engagement in mathematics (Qiu, Pan, & Ishak, 2022).

One key goal of this review is the pivotal role of Al in supporting research-based mathematics instruction, offering teachers
innovative tools like ChatGPT to create rich math tasks, enhance number sense, and provide personalized learning experiences. By
leveraging Al capabilities, mathematics educators can tailor instruction to meet the diverse needs of students, foster critical thinking
skills, and promote a deeper appreciation for mathematical concepts. The study underscored the importance of balancing Al
technology with pedagogical expertise, emphasizing the irreplaceable role of instructors in delivering high-quality STEM education.

2. METHODS

This study employed a literature review to explore different studies on Al-powered STEM education using an integrative review
(Kutcher & LeBaron, 2022). An integrative review is a comprehensive approach that synthesizes diverse forms of evidence, including
empirical and theoretical literature, to develop a holistic understanding of a specific topic. This method allows for the combination of
various research designs, such as case studies, observational studies, and meta-analyses, to address a clearly defined problem.
Integrative reviews are essential for evidence-based practice initiatives in education as they help identify gaps in the literature, suggest
future research directions, and contribute to theory development. The study positioned Al-powered STEM Education in an integrative
context to show variations of the transitions of STEM Education with the advent of artificial intelligence.

The process involved formulating a well-defined research question, conducting a thorough literature search, selecting relevant
studies, critically appraising the evidence, synthesizing the data through narrative synthesis, and comprehensively presenting the
findings. Integrative reviews are particularly valuable for educational research as they provide a broader summary of the literature and
offer insights that can inform relevant teaching practices and educational policy initiatives.

3. RESULTS AND DISCUSSION
Al-Powered STEM Education: An Integrative Review

Al integration in STEM education presented a dynamic landscape ripe with possibilities. This review explored six key themes:
personalized learning paths; Al-powered tutoring and feedback; Al-driven simulations and gamification; enhancing creativity and
problem-solving; promoting equity and inclusion, and teacher training and support. Each theme investigated the potential of Al to
transform STEM education, highlighting its impact on student learning, engagement, and the overall learning environment. The
findings examined the benefits of Al-powered approaches while acknowledging the existing challenges and areas for further
exploration.

Theme 1: Personalized Learning Paths

Al offers a powerful tool for customizing STEM education (Chen, L., Chen, P., & Lin, Z., 2020). By analyzing student performance
data, Al can create personalized learning paths that target individual strengths and weaknesses (Maghsudi et al., 2021). Studies have
shown that students following these Al-driven paths demonstrate improved understanding and mastery of concepts compared to
traditional methods (Reiss, 2021). However, challenges remain in ensuring fairness. Biases in the underlying algorithms can exacerbate
existing educational inequalities. Mitigating these biases and ensuring the algorithmic fairness that adapts to diverse learning styles
are crucial steps for harnessing the full potential of Al-powered personalization (Baker & Hawn, 2021).

Theme 2: Al-powered Tutoring and Feedback

Al-powered tutoring systems and intelligent feedback mechanisms can significantly impact STEM learning (Conati et al., 2019).
Imagine a virtual tutor patiently explaining a complex scientific concept or an Al system providing real-time feedback on a student's
coding project (Hautala et al., 2018). Research suggests these features can lead to a deeper grasp of the material. However, limitations
exist. Al tutors might struggle with complex or open-ended questions requiring nuanced human understanding (Trinchero, 2021).
Additionally, overreliance on Al feedback could hinder the development of critical thinking skills if students become accustomed to
receiving "instant answers” (Pagau & Mytra, 2023).

Theme 3: Al-driven Simulations and Gamification

Studies exploring Al-driven simulations and gamified aspects in STEM education highlight their ability to transform classrooms
into dynamic and engaging environments Sakulkueakulsuk et al., 2018). Imagine students conducting virtual experiments in a
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simulated Mars colony or competing in teams to solve real-world engineering challenges (Casini & Garulli, 2016). Research shows
these approaches can significantly increase student interest and participation in STEM subjects (Luzano & Ubalde, 2023). However,
it’s important to ensure these simulations provide opportunities for genuine learning beyond simply achieving a high score in a game.
Effective Al-driven simulations should encourage exploration, critical thinking, and the application of STEM concepts to solve
problems within the virtual world (Garcia-Martinez, 2023).

Theme 4: Enhancing Creativity and Problem-Solving

The potential of Al to foster creativity and problem-solving skills in STEM education is an exciting area of exploration. Some
studies suggest Al can assist students in developing creative approaches by offering them open-ended challenges or prompting them
to consider different perspectives (Jang, Jeon, & Jung, 2022). Additionally, Al can provide students with vast datasets and
computational power to explore complex problems from new angles (Kuleto et al., 2021). However, the effectiveness of Al in this
domain remains a topic of debate. Critics argue that true creativity requires human imagination and the ability to think outside the
box, which might be difficult for Al to replicate (Luzano, 2024). Finding the right balance between leveraging Al's capabilities and
nurturing students' inherent creativity will be essential (Ifenthaler & Schumacher, 2023).

Theme 5: Promoting Equity and Inclusion

Al has the potential to be a powerful tool for promoting equity and inclusion in STEM education. By personalizing learning and
providing targeted support, Al can help address the diverse needs of students with different learning styles or prior knowledge (Alsobeh
& Woodward, 2023; Luzano, 2023). Additionally, Al-powered simulations can create immersive learning experiences that transcend
geographical or socioeconomic barriers (Moizer et al., 2009). However, ensuring fairness and mitigating potential biases in Al
algorithms is critical. Biased algorithms could reinforce existing inequalities, disproportionately impacting students from
underrepresented groups (Luzano, 2024). Developing inclusive Al tools and fostering a culture of critical thinking around these
technologies are essential steps toward creating a truly equitable learning environment for all students in STEM subjects (Zhou,
Kantarcioglu, & Clifton, 2021).

Theme 6: Teacher Training and Support

Studies suggest Al can empower teachers by providing additional support for STEM instruction. Imagine Al-powered tools
automatically grading student assignments, freeing up valuable teacher time for more personalized instruction and interaction with
students (Chen, L., Chen, P., & Lin, Z., 2020; Aranzo et al, 2020). Additionally, Al can analyze student data to identify areas of
difficulty and suggest interventions. However, challenges exist regarding teacher integration of Al tools. Effective training and
ongoing support are crucial for teachers to maximize the benefits of Al in the classroom (Pan et al., 2020). Teachers need to feel
comfortable using these technologies and understand how to integrate them effectively into their lesson plans to enhance, not replace,
their role as educators (Pringle, Dawson, & Ritzhaupt, 2015; Luzano, 2020).

Emergent Model

The emergent model illustrated the multifaceted impact of Al in STEM education through six key themes. Personalized learning
paths offer a promising approach to cater to individual needs, but require careful consideration of bias. Al-powered tutoring and
feedback can deepen understanding, though limitations exist in handling complex questions. Al-driven simulations and gamification
effectively boost engagement, but achieving genuine learning within these environments is crucial.

While Al presents possibilities for fostering creativity and problem-solving, questions remain regarding its ability to truly nurture
these human skills. Promoting equity and inclusion through Al necessitates vigilance against algorithmic bias. Finally, teacher training
and support are essential for maximizing the benefits of Al in the classroom, ensuring technology complements rather than replaces
effective pedagogy. By acknowledging both the potential and challenges of Al, we can harness its power to create a dynamic and
inclusive learning environment for all STEM students.
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Figure 1. Emergent Model on Al-Powered STEM Education

4. CONCLUSION AND RECOMMENDATION

Al presents a transformative opportunity for STEM education, offering personalized learning paths, intelligent tutoring, engaging
simulations, and tools to enhance creativity and promote equity. Research highlights positive impacts on student learning and
engagement, but challenges remain in mitigating bias, ensuring teacher support, and fostering critical thinking alongside technological
advancements.

Al in STEM education is a double-edged sword. On one hand, it offers exciting possibilities for personalized learning, engaging
simulations, and fostering creativity. Research shows these approaches can improve student understanding and spark interest in STEM.
However, challenges remain. Algorithmic bias can exacerbate educational inequalities, and overreliance on Al feedback could hinder
critical thinking. To maximize Al's potential, further research should focus on removing bias, creating inclusive tools, and prioritizing
teacher training. By addressing these concerns, Al can become a powerful tool for educators, creating a more engaging and equitable
learning environment where all students can thrive in STEM subjects.
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