
International journal of Technology in Education Science (ITES) - Volume 1, Issue 1, 2024 

 63    

Artificial Intelligence in Mathematics Teacher Education: A Systematic 

Review and Qualitative Synthesis of Contemporary Research Literature  

 

Rusen Meylani  

 

Article Info  Abstract 

Article History 

Received: 

30 March 2024 

Accepted: 

23 May 2024 

 

 This qualitative review critically examines the burgeoning influence of AI on 

pre-service and in-service mathematics teacher education. Amidst rapid 

technological advancements, this study leverages a systematic qualitative 

analysis to distill insights from various scholarly articles, book chapters, and 

conference proceedings published since 2015. The selection process prioritized 

peer-reviewed, English-language literature that directly addresses the integration 

and implications of AI technologies within mathematics teacher education 

programs. Our methodology entailed an exhaustive search across prominent 

academic databases, utilizing a refined set of keywords to ensure comprehensive 

coverage of relevant studies. The literature was meticulously coded and 

analyzed, facilitating a nuanced thematic analysis that identifies, categorizes, and 

synthesizes the complex interplay between AI and mathematics teacher 

education. This review sheds light on the diverse applications of AI technologies 

in these contexts, ranging from virtual simulations and intelligent tutoring 

systems to personalized learning environments and their pedagogical 

implications. Key findings reveal AI's benefits, including enhanced pedagogical 

strategies, personalized learning pathways, and improved student engagement 

and outcomes. Concurrently, the review elucidates significant challenges such as 

the digital divide, privacy concerns, and the pressing need for teacher 

professional development on AI utilization. The analysis culminates in a 

discussion on the implications of these findings for practice, highlighting the 

transformative potential of AI in fostering innovative educational practices while 

cautioning against uncritical adoption. By offering a comprehensive Synthesis of 

the current state of research, this review contributes to the academic discourse on 

technology integration in teacher education. It provides practical insights for 

stakeholders involved in curriculum design and professional development. 

Furthermore, it delineates fruitful avenues for future research, underscoring the 

necessity for longitudinal studies to understand AI's long-term impact on 

teaching practices and learning outcomes in mathematics education. 
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Introduction 

 

Since the emergence of AI in 1955, the applications of AI have expanded within a rapidly evolving digital 
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landscape, influenced by public expectations, industry leaders, and medical practitioners (Zawacki‐Richter et al., 

2019). Reports indicate that Artificial Intelligence in Education (AIEd) is a growing field in educational 

technology, highlighting its relevance in various academic domains (Chan & Zary, 2019). These references 

emphasize the increasing importance of AI in education, including mathematics teaching and learning, 

underscoring the need to explore AI's impact on mathematics teacher education. 

 

Artificial Intelligence (AI) has been increasingly integrated into various educational domains, including 

mathematics teaching and learning. Studies such as those by Hidayat et al. (2022) and Xu and Ouyang (2022) 

have highlighted the significance of AI in enhancing STEM education, emphasizing the need to merge AI 

techniques with educational elements to cater to instructional and learning requirements. Voskoglou and Salem 

(2020) further discuss the benefits and limitations of AI compared to traditional methods in mathematics 

education, underlining the shift towards utilizing AI applications in teaching. 

 

In higher education, the potential of AI to revolutionize teaching and learning is evident (Crompton & Song, 

2021). Crompton and Song (2021) emphasize the transformative impact of AI in higher education, suggesting 

that AI significantly enhances educational practices. Popenici and Kerr (2017) delve into the broader 

implications of AI in higher education, pointing out that the widespread adoption of AI is reshaping the global 

higher education landscape. 

 

Moreover, the ethical considerations surrounding AI in education have gained attention. Yu and Yu (2023) 

stress the importance of ethical considerations in integrating AI into education, reflecting the growing concerns 

about the moral implications of AI technologies. Additionally, Hannan (2021) discusses how AI is becoming a 

new source of competitiveness in higher education, indicating the need for institutions to adapt to the changing 

educational landscape driven by AI technologies. The research on AI in education underscores AI's 

transformative potential in enhancing teaching and learning practices across various educational levels, mainly 

focusing on mathematics education and higher education. 

 

Significance of Study 

 

Integrating Artificial Intelligence (AI) into mathematics teacher education marks a significant shift in 

educational technology, driven by rapid technological advancements and evolving pedagogical needs. The 

advent of AI in academic settings is reshaping methodologies and approaches in mathematics teacher education, 

emphasizing the critical role of AI in enhancing teaching and learning experiences. This transformative potential 

of AI is increasingly recognized as countries develop national AI strategies, underscoring the importance of 

mathematics education in contemporary and future societal contexts (Hidayat et al., 2022). 

 

AI's capacity to offer personalized learning experiences and elevate student engagement has been a cornerstone 

in revolutionizing education, including mathematics teaching (Zawacki‐Richter et al., 2019). The imperative for 

integrating AI literacy into curricula is highlighted, aiming to demystify AI for learners while elucidating its 

limitations and societal implications (Eguchi et al., 2021). Furthermore, the necessity for transparency in AI-
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powered educational technologies has been stressed, alongside a growing concern for ethical considerations 

amidst the rapid proliferation of AI tools (Chaudhry et al., 2022; Yu & Yu, 2023). 

 

The impact of AI extends to STEM education, where its integration necessitates careful preparation and early 

exposure to AI concepts, ensuring that teachers are well-equipped to incorporate AI effectively in their 

classrooms (Lee & Perret, 2022; Xu & Ouyang, 2022). The role of AI as a primary driver for social and 

economic development further underscores the importance of enhancing learners' readiness for AI, preparing 

them for future success (Song et al., 2022). 

 

The application of AI technologies within mathematics education provides educators with innovative tools and 

resources, enabling them to refine their pedagogical approaches and cater to the diverse learning needs of 

students. This is particularly relevant in tackling issues such as mathematics anxiety, where AI tools have shown 

promise in establishing supportive learning environments that boost teacher confidence and student engagement 

(Buckley et al., 2016; Türk et al., 2018). 

 

Moreover, integrating digital technologies into mathematics education influences teacher candidates' 

perceptions and practices, fostering a technology-enhanced approach to teaching mathematics (Temel & Gür, 

2022). The evolving educational landscape, marked by the COVID-19 pandemic and the emergence of Society 

5.0, further necessitates adapting mathematics teacher education to embrace modernization and new educational 

paradigms (Borba, 2021; Rizqi & Dewi, 2022). 

 

In conclusion, the incorporation of AI in mathematics teacher education heralds a new era of pedagogical 

innovation, enhancing teaching practices and preparing educators to navigate the complexities of a digital and 

technologically driven educational landscape. By embracing AI literacy, advocating for transparency, and 

addressing ethical concerns, educators can harness the benefits of AI to enrich mathematics teacher education, 

meeting the evolving educational needs of learners. 

 

Guiding Research Questions 

 

The guiding research questions for this study aim to explore the various dimensions and impacts of integrating 

artificial intelligence (AI) into mathematics teacher education. These questions are designed to uncover insights 

into how AI can transform teaching practices, enhance learning outcomes, and address the challenges faced by 

educators. The primary questions guiding this research are: 

• How does the integration of AI technologies influence teaching practices in mathematics teacher 

education? 

• What are the perceived benefits and challenges of incorporating AI into pre-service and in-service 

teacher education programs? 

• How do AI applications enhance the learning experiences and outcomes of mathematics students? 

• What ethical considerations arise from the use of AI in mathematics education, and how can they be 

addressed? 
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• In what ways can AI tools be effectively implemented to support the professional development of 

mathematics teachers? 

 

Theoretical Framework 

 

The analysis of AI's impact on teacher education is guided by theoretical perspectives such as Technological 

Pedagogical Content Knowledge (TPACK) and Constructivism. TPACK emphasizes integrating technology, 

pedagogy, and subject content knowledge for effective teaching with technology (Shu, 2016). It provides a 

framework for understanding the knowledge teachers need to successfully integrate technology into their 

teaching practices (Padmavathi, 2017). TPACK is essential for preparing and developing teachers in educational 

technology (Liang et al., 2013). 

 

On the other hand, Constructivism, as a theoretical perspective, focuses on how students construct knowledge 

through experiences and interactions (Abdal-Haqq, 1998). It highlights the importance of active learning, 

student-centered approaches, and the role of the teacher as a facilitator in the learning process (Manchulenko et 

al., 2021). Constructivist perspectives help educators understand how students make sense of their experiences 

and guide teaching practices that promote meaningful learning (Windschitl, 1999). Regarding AI in teacher 

education, studies have shown a need to explore teachers' perspectives on teaching AI in schools (Yau et al., 

2022). Additionally, AI supports teacher training and continuous professional development, enhancing teachers' 

skills and practices (Zhao et al., 2021). Integrating technology with constructivist pedagogy further enhances 

learning experiences by providing an environment for collaborative learning and knowledge construction 

(Chuaungo et al., 2022). 

 

In conclusion, TPACK and Constructivism are valuable theoretical perspectives that inform the analysis of AI's 

impact on teacher education. TPACK provides a framework for effective technology integration, while 

Constructivism emphasizes student-centered learning and knowledge construction. By understanding and 

applying these theoretical perspectives, educators navigate the complexities of integrating AI and technology 

into teaching practices to enhance student learning outcomes. 

 

Methodology 

Research Design 

 

This qualitative review systematically analyzes the impact of AI on pre-service and in-service mathematics 

teacher education. Our approach employs a comprehensive qualitative analysis to identify, evaluate, and 

synthesize findings from relevant literature. Given the exploratory nature of the review, we chose MAXQDA 

software, a leading qualitative data analysis tool, to facilitate the organization, coding, and thematic analysis of 

the collected data. This software enables the efficient handling of large volumes of text data, allowing for 

nuanced coding and the identification of emerging themes and patterns related to the integration and impact of 

AI in mathematics teacher education. 
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Data Sources 

 

To ensure a broad collection of literature, we systematically searched academic databases and digital libraries, 

including ERIC, JSTOR, ScienceDirect, Scopus, Web of Science, and Google Scholar. The search strategy was 

designed to capture a wide range of publications on the use of AI in teacher education, with a particular focus on 

mathematics. Keywords and phrases used in the search included combinations of "artificial intelligence," 

"teacher education," "mathematics education," "pre-service teachers," "in-service teachers," and "technology 

integration in education." 

 

Selection Criteria 

 

The inclusion criteria for the literature were: 1) Peer-reviewed articles published in academic journals to ensure 

the reliability and validity of the findings, 2) Book chapters and conference proceedings that provide in-depth 

analyses or case studies, 3) Publications from 2015 onwards to ensure the relevance and currency of the 

technological applications discussed, 4) Studies focusing on using AI in pre-service and in-service mathematics 

teacher education programs, 5) English-language publications to maintain consistency in analysis and 

interpretation. 

 

The exclusion criteria were: 1) Articles not specifically addressing AI's application in mathematics teacher 

education, 2) Opinion pieces and editorials without empirical evidence or comprehensive analysis, 3) Studies 

that focus on disciplines outside of mathematics education to maintain a focused scope of review, 4) Data 

Analysis Process Using MAXQDA. 

 

Qualitative Data Analysis Process 

 

The selected studies were imported into MAXQDA for qualitative data analysis. The analysis process involved 

several steps: 

• Initial Reading and Coding: Each document was read thoroughly to understand its content 

comprehensively. Initial codes were assigned to segments of text representing specific themes, such as 

the types of AI technologies used, pedagogical approaches, benefits for teacher education, and 

challenges faced. 

• Code Refinement and Categorization: Codes were continuously refined and categorized into broader 

themes to capture the essence of AI's impact on mathematics teacher education. This iterative process 

allowed for the modification and merging of codes as new patterns emerged. 

• Thematic Analysis: Thematic analysis was conducted to identify significant themes across the research 

literature. MAXQDA's visual tools, such as code matrices and frequency charts, facilitated the 

identification of prevalent themes and sub-themes. 

• Synthesis of Findings: The final step involved synthesizing the findings to provide a comprehensive 

overview of the current state of AI in pre-service and in-service mathematics teacher education. This 

synthesis included discussing the implications of the identified themes and suggesting areas for future 
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research. 

 

Findings 

 

The qualitative analysis of the research literature on mathematics teacher education yielded significant findings. 

Table 1 gives the themes and sub-themes, along with the number of references and actual references. 

 

Table 1. The Findings of the Qualitative Analysis of the Research Literature on Mathematics Teacher Education 

given in Themes, Sub-themes, Number of References, Actual References, and Main Findings 

Theme Sub-Theme Number of 

References 

Actual References 

Integration of Artificial 

Intelligence in 

Mathematics Education 

Roles and Trends in 

AI Mathematics 

Education 

3 Hwang & Tu, 2021; Park & Kwon, 2023; 

Lopez-Caudana et al., 2020 

Enhancing 

Mathematical 

Learning through AI 

4 Voskoglou & Salem, 2020; Hidayat et al., 

2022; Deo et al., 2020; Lee et al., 2021 

Future Directions of 

AI in Mathematics 

Education 

3 Gadanidis, 2024; Yang & Bai, 2020; 

Sadiku et al., 2021 

Integration of Artificial 

Intelligence in 

Mathematics Teacher 

Education 

Enhancing Learning 

and Teaching Skills 

3 Badiee & Kaufman, 2015; Bradley & 

Kendall, 2014; Erdemir & İngeç, 2016 

Addressing Challenges 

and Promoting Skill 

Development 

9 McGarr, 2020; Pendergast et al., 2022; 

Wibowo et al., 2022; Kong et al., 2017; 

Passig, 2011; Grádaigh et al., 2021; 

Hudson et al., 2019; Liang, 2015; Muir et 

al., 2013 

Supporting 

Professional 

Development and 

Classroom Practices 

5 Yau et al., 2022; Holstein & Aleven, 

2022; Lin et al., 2022; Lee & Perret, 

2022; Kim et al., 2022 

Enhancing Teacher 

Preparedness and 

Effectiveness 

4 Ng et al., 2023; Gupta & Bhaskar, 2020; 

Hidayat et al., 2022; Kay, 2006 

Transformative 

Potential of AI in 

Teacher Education 

2 Orhani, 2021; Xi, 2023 

AI-Based Pedagogical 

Tools in Mathematics 

Enhancing Teaching 

and Learning 

2 Dai, 2023; Baumert et al., 2010 
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Theme Sub-Theme Number of 

References 

Actual References 

Education Experiences 

Continuous 

Professional 

Development with AI 

Tools 

1 : Ndihokubwayo et al., 2022 

Revolutionizing 

Mathematics 

Education with AI 

2 Zawacki‐Richter et al., 2019; Hwang & 

Tu, 2021 

Data-Driven Decision-

Making in Mathematics 

Education 

Utilizing AI for 

Analyzing Student 

Performance 

1 Harry, 2023 

Advanced Workshops 

and AI-Powered 

Analytics 

1 Wang & Han, 2020 

AI Algorithms and 

Dynamic Learning 

Environments 

2 Lin, 2022; Liu et al., 2022 

Adaptive Learning 

Systems in Mathematics 

Education 

Tailored Instruction 

Through AI 

2 Wang et al., 2020; Dorça, 2015 

Optimizing Classroom 

Instruction 

2 Vainshtein et al., 2019; El-Sabagh, 2021 

Personalized Learning 

Experiences 

4 Díez-Fonnegra & Losada, 2022; 

Vainshteina et al., 2018; Peng et al., 

2019; Hidayat et al., 2022 

AI-Enabled Assessment 

Tools in Mathematics 

Education 

Enhancing Learning 

and Assessment 

Processes 

4 Fu et al., 2020; Boscardin, 2023; Zhai & 

Nehm, 2023; Gadanidis, 2017 

Streamlining 

Evaluation Processes 

3 Funes, 2024; Jain et al., 2022; Li et al., 

2023 

Enhancing Feedback 

Mechanisms 

3 Roh & Lee, 2023; Soesanto et al., 2022; 

Greenwald et al., 2021 

Impact of AI on 

Mathematics 

Education Assessment 

10 Fu et al., 2020; Boscardin, 2023; Zhai & 

Nehm, 2023; Gadanidis, 2017; Funes, 

2024; Jain et al., 2022; Li et al., 2023; 

Roh & Lee, 2023; Soesanto et al., 2022; 

Greenwald et al., 2021 

Enhancing Collaborative Facilitating Pre- 2 Jiao et al., 2022; Kuleto et al., 2021 
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Theme Sub-Theme Number of 

References 

Actual References 

Learning in Mathematics 

Education through AI 

Technologies 

Service Collaborative 

Learning Experiences 

Promoting In-Service 

Collaboration Through 

AI Technologies 

2 Ouyang et al., 2023; Teo et al., 2022 

Strengthening 

Collaborative Learning 

through AI 

2 Chen et al., 2023; Järvelä et al., 2023 

Benefits, Challenges, and 

Ethical Considerations 

Regarding AI in 

Mathematics Education 

Enhancing Teaching 

and Learning 

3 Ng et al., 2023; Gupta & Bhaskar, 2020; 

Hidayat et al., 2022 

Fostering 

Collaboration and 

Knowledge Sharing 

2 Jiao et al., 2022; Kuleto et al., 2021 

Navigating Ethical and 

Privacy Concerns 

5 Damşa, 2014; Langer-Osuna, 2018; 

Akgün & Greenhow, 2021; Polak et al., 

2022; Xu & Ouyang, 2022 

Addressing the 

Implementation 

Challenges 

9 : Kay, 2006; Ertl et al., 2020; Zhang, 

2023; Kasneci et al., 2023; Borenstein & 

Howard, 2020; Harry, 2023; Lainjo & 

Tsmouche, 2023; Mahligawati, 2023; 

Zawacki‐Richter et al., 2019 

 

Integration of Artificial Intelligence in Mathematics Education 

 

Integrating AI into educational contexts, focusing on mathematics education, encompasses a multifaceted 

exploration of its applications, implications, challenges, and future directions. This comprehensive analysis 

draws upon various studies to understand how AI transforms teaching and learning practices in mathematics, 

considering ethical considerations, pedagogical strategies, and educators' perspectives. 

• Roles and Trends in AI Mathematics Education: The intersection of AI and mathematics education has 

received increased research attention. Hwang and Tu (2021) and other studies have explored the roles 

of AI in mathematics education, emphasizing research trends and the potential for AI to transform 

teaching and learning practices. Park & Kwon (2023) and Lopez-Caudana et al. (2020) have examined 

implementing AI education in middle school and using robotics to promote active learning in 

mathematics, respectively. 

• Enhancing Mathematical Learning through AI: The use of AI in mathematics education has 

demonstrated benefits in student engagement, personalized learning experiences, and problem-solving 

skills. Studies by Voskoglou & Salem (2020), Hidayat et al. (2022), and Deo et al. (2020) showcase 

various AI applications, from robotics to learning analytics, and their positive impact on mathematical 
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learning outcomes. Lee et al. (2021) further discuss AI-infused learning strategies that connect AI 

concepts to high school math, enhancing students' understanding of mathematical concepts. 

• Future Directions of AI in Mathematics Education: Current research focuses on improving educational 

methodologies and outcomes through AI by exploring the intersections between mathematics and AI. 

Gadanidis (2024) and Yang & Bai (2020) emphasize the importance of continuously improving AI-

based learning methods and integrating AI to enhance traditional learning approaches. The application 

of AI in mathematics education is seen as a revolutionary step towards personalized and flexible 

learning experiences, according to Sadiku et al. (2021). 

 

Integration of Artificial Intelligence in Mathematics Teacher Education 

 

Integrating AI technologies within mathematics teacher education encompasses two critical phases: pre-service 

and in-service teacher education. These phases highlight the transformative potential of AI applications in 

enhancing teaching practices, improving teacher preparedness, and ultimately enriching students' learning 

experiences in mathematics education. Below, we explore AI's applications, benefits, challenges, and future 

directions in these two distinct but interconnected phases. 

• Enhancing Learning and Teaching Skills: Virtual simulations provide a safe space for pre-service 

teachers to practice and refine teaching skills, offering opportunities for repeated trials and practical 

experience application (Badiee & Kaufman, 2015; Bradley & Kendall, 2014). Intelligent tutoring 

systems support learning by providing personalized feedback and guidance, enhancing teaching 

practices and educators' innovation awareness (Erdemir & İngeç, 2016). 

• Addressing Challenges and Promoting Skill Development: AI technologies have positively impacted 

pre-service teachers' behavior, classroom management skills, self-efficacy, and the development of 

21st-century skills such as creativity and problem-solving (McGarr, 2020; Pendergast et al., 2022; 

Wibowo et al., 2022). They also enhance teacher preparedness for risks and awareness of students' 

cognitive experiences (Kong et al., 2017; Passig, 2011). During the COVID-19 pandemic, simulated 

environments and mixed-reality simulations enabled remote observation and practice, overcoming 

physical limitations (Grádaigh et al., 2021; Hudson et al., 2019). 

• Supporting Professional Development and Classroom Practices: The design for human-AI 

complementarity, perceptions of teaching sustainable AI, and preparing teachers to integrate AI into 

STEM classrooms are critical for effective AI education (Yau et al., 2022; Holstein & Aleven, 2022; 

Lin et al., 2022; Lee & Perret, 2022). Collaborative learning designs and sustainable curriculum 

planning for AI education enhance in-service teachers' skills and knowledge (Kim et al., 2022; Lee & 

Perret, 2022). 

• Enhancing Teacher Preparedness and Effectiveness: Educators proficient in AI transform teaching 

practices, improving management efficiency and decision-making (Ng et al., 2023). AI integration 

tailors teaching methods to students' learning styles and progress, enhancing communication and 

educational experiences (Gupta & Bhaskar, 2020; Hidayat et al., 2022). Challenges remain in 

equipping teachers with the necessary skills for effective technology use, highlighting the need for 

enhanced teacher education programs (Kay, 2006). 
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• Transformative Potential of AI in Teacher Education: AI technologies offer personalized guidance, 

feedback, and support, significantly impacting teacher-student interactions and learning outcomes 

(Orhani, 2021). AI-based training and assessment methods enhance teaching effectiveness and 

professionalism (Xi, 2023). 

 

AI-Based Pedagogical Tools in Mathematics Education 

 

Integrating AI-based pedagogical tools in mathematics education signifies a transformative shift towards 

enhancing teaching and learning processes. This shift is evident across different stages of teacher education, 

namely pre-service and in-service training. Each stage leverages AI to address distinct challenges and 

objectives, ultimately contributing to more personalized, interactive, and effective mathematics education. 

• Enhancing Teaching and Learning Experiences: AI-driven educational software and apps are 

increasingly prominent in pre-service education to enhance mathematics teaching and learning 

experiences (Dai, 2023). These tools provide interactive and personalized learning experiences, crucial 

for practical instruction and student progress in secondary-level mathematics (Baumert et al., 2010). 

Additionally, analogy-based pedagogy, as opposed to conventional direct instruction, is supported in 

AI education, offering an alternative approach that may foster more profound understanding and 

engagement among students (Dai, 2023). 

• Continuous Professional Development with AI Tools: For in-service teachers, it is crucial to 

continuously develop their abilities to integrate AI tools into existing mathematics curricula 

successfully. This involves evaluating and adapting AI-based resources to meet the diverse needs of 

their classrooms (Ndihokubwayo et al., 2022). Innovative tools like the Lesson Plan Analysis Protocol 

(LPAP) assist teachers in developing the pedagogical content knowledge necessary to address the 

educational needs of culturally and linguistically diverse student populations (Ndihokubwayo et al., 

2022). 

• Revolutionizing Mathematics Education with AI: A systematic review by Zawacki‐Richter et al. (2019) 

emphasizes the importance of personalization in educational technology, aligning with the broader 

trend of technological advancements in education. Furthermore, bibliometric mapping analysis and 

systematic review conducted by Hwang and Tu (2021) explore AI's role and research trends in 

mathematics education, providing valuable insights into how AI integration reshapes teaching 

practices. 

 

Data-Driven Decision-Making in Mathematics Education 

 

The application of data-driven decision-making in mathematics education is a pivotal aspect that influences pre-

service and in-service teacher training. This approach, significantly bolstered by AI, provides a strategic 

framework for enhancing educational practices and student learning outcomes through meticulous data analysis 

and application. 

• Utilizing AI for Analyzing Student Performance: AI in pre-service education for analyzing student 

performance data is crucial for effectively identifying learning gaps (Harry, 2023). Educators gain 
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insights into students' needs through this analysis, allowing for customizing teaching strategies. This 

approach promotes a more personalized and targeted instruction methodology, enhancing teaching 

practices' efficiency and effectiveness and ultimately benefiting student learning outcomes (Harry, 

2023). 

• Advanced Workshops and AI-Powered Analytics: For in-service teachers, participating in advanced 

workshops is crucial for learning how to interpret and act on insights derived from AI-powered 

analytics tools (Wang & Han, 2020). These workshops equip educators with the essential skills to make 

informed decisions based on data analysis. This enables more effective addressing of student needs and 

enhances instructional practices. Furthermore, strategies for integrating AI into ongoing assessment and 

feedback processes are pivotal for improving education delivery quality and fostering continuous 

enhancement in teaching methodologies (Wang & Han, 2020). 

• AI Algorithms and Dynamic Learning Environments: Employing AI algorithms to analyze student 

work and provide immediate feedback creates a more dynamic and responsive learning environment 

(Lin, 2022). Additionally, using AI assistants in deep learning transforms teaching practices for 

teachers and students. This introduces innovative teaching models that leverage AI technology to 

optimize teaching and learning experiences (Liu et al., 2022). 

 

Adaptive Learning Systems in Mathematics Education 

 

The utilization of adaptive learning systems in mathematics education represents a significant advancement 

facilitated by integrating AI to deliver personalized and differentiated instruction. This technology-driven 

approach is being implemented across various stages of teacher education, significantly transforming teaching 

practices to meet individual student needs more effectively and efficiently. 

• Tailored Instruction Through AI: In pre-service education, the emphasis is on familiarizing future 

educators with AI-enabled adaptive learning principles. These systems are designed to adjust the 

content's difficulty dynamically based on each student's performance, ensuring instruction is delivered 

at the most appropriate level for every individual (Wang et al., 2020; Dorça, 2015). 

• Optimizing Classroom Instruction: In-service education trains teachers to incorporate adaptive learning 

platforms into their classrooms. This inclusion allows for accommodating diverse student needs and 

learning paces. Evaluating the impact of adaptive technologies on student engagement and achievement 

enables educators to optimize AI use in mathematics education, thus enhancing learning outcomes 

(Vainshtein et al., 2019; El-Sabagh, 2021). 

• Personalized Learning Experiences: Adaptive e-learning environments are shown to boost student 

engagement and learning outcomes by providing personalized instruction and reinforcing learning 

concepts (Díez-Fonnegra & Losada, 2022). Furthermore, these systems aim to develop mathematical 

thinking and problem-solving skills by tailoring learning experiences to match students' unique styles 

and preferences (Vainshteina et al., 2018; Peng et al., 2019). Integrating intelligent tutoring systems 

and adaptive learning technologies in STEM education significantly enhances the quality of 

mathematics instruction (Hidayat et al., 2022). 
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AI-Enabled Assessment Tools in Mathematics Education 

 

Integrating AI into assessment tools significantly transforms mathematics education, offering innovative 

methods to evaluate and enhance student learning. This transformation spans pre-service and in-service 

education phases, providing educators at all levels with the tools to personalize learning experiences, streamline 

evaluation processes, and improve feedback mechanisms. 

• Enhancing Learning and Assessment Processes: Teachers in pre-service education are introduced to 

AI-enabled tools that offer immediate feedback on students' mathematical skills, thereby improving the 

learning process (Fu et al., 2020). These tools streamline assessment, provide insights into student 

performance, and enable educators to tailor instruction to meet individual learning needs (Boscardin, 

2023). Additionally, pre-service educators learn to create assessments that adapt to students' learning 

levels, promoting personalized learning experiences (Zhai & Nehm, 2023; Gadanidis, 2017). 

• Streamlining Evaluation Processes: Educators in in-service training incorporate AI-based platforms for 

efficient and objective evaluation of student progress. These platforms automate scoring, offer detailed 

analytics, and support data-driven decision-making, thereby enhancing the accuracy and reliability of 

assessments (Funes, 2024; Jain et al., 2022; Li et al., 2023). 

• Enhancing Feedback Mechanisms: In-service training also emphasizes using AI to improve feedback 

loops in mathematics education. AI-powered feedback mechanisms allow for timely and targeted 

feedback, fostering continuous improvement and learning (Roh & Lee, 2023; Soesanto et al., 2022; 

Greenwald et al., 2021). 

• Overall Impact of AI in Mathematics Education Assessment: Integrating AI in assessment practices 

within mathematics education offers numerous advantages, such as personalized learning experiences, 

streamlined evaluation processes, and enhanced feedback mechanisms. Educators significantly improve 

assessment practices by adopting AI technologies, leading to better student outcomes and more 

engaging learning environments. 

 

Enhancing Collaborative Learning in Mathematics Education through AI Technologies 

 

Integrating AI technologies in mathematics education revolutionizes collaborative learning environments. This 

advancement facilitates more engaging, inclusive, and effective cooperative learning experiences for students, 

supported by AI-powered tools that promote interaction, teamwork, and knowledge sharing. Both pre-service 

and in-service education phases incorporate these technologies to equip educators with the skills to foster 

collaborative learning. 

• Facilitating Pre-Service Collaborative Learning Experiences: Educators in pre-service training learn to 

use AI-powered tools to create interactive group activities that promote peer learning and teamwork 

(Jiao et al., 2022) and explore AI's role in supporting group projects and peer learning, gaining insights 

into how technology improves student collaboration and knowledge sharing (Kuleto et al., 2021). 

• Promoting In-Service Collaboration Through AI Technologies: In-service teachers are introduced to 

AI-powered platforms that aid communication, resource sharing, and collaborative problem-solving 

(Ouyang et al., 2023). They also assess AI tools that foster a collaborative culture in mathematics 
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education, ensuring the effective use of technology to establish inclusive and interactive learning 

environments (Teo et al., 2022). 

• Strengthening Collaborative Learning through AI: Studies highlight that collaborative learning, 

involving small groups in coordinated activities, is enhanced by AI-driven tools that support joint 

meaning-making and knowledge creation (Chen et al., 2023). AI integration in collaborative settings 

promotes active engagement, critical thinking, and knowledge construction among students (Järvelä et 

al., 2023). 

 

Benefits, Challenges, and Ethical Considerations Regarding AI in Mathematics Education 

 

Integrating AI in mathematics education offers many benefits and presents particular challenges. It necessitates 

a careful and informed approach to maximize its potential while mitigating adverse effects. This integration 

impacts various aspects of education, from enhancing learning experiences and teaching practices to addressing 

ethical considerations and data privacy concerns. 

• Enhancing Teaching and Learning: AI technologies offer innovative approaches to learning, providing 

opportunities for personalized education and improving students' learning experiences. Educators 

proficient in AI transform teaching practices, leading to better management efficiency, decision-

making processes, and tailored teaching methods (Ng et al., 2023; Gupta & Bhaskar, 2020). AI 

technologies also enhance teacher-student communication, increase course accessibility, and enrich 

students' educational experiences (Hidayat et al., 2022). 

• Fostering Collaboration and Knowledge Sharing: AI-driven tools facilitate collaborative learning 

environments, supporting group activities, peer learning, and knowledge sharing among students (Jiao 

et al., 2022; Kuleto et al., 2021). This integration promotes active engagement, critical thinking, and 

knowledge construction, significantly enhancing the learning experience in mathematics education. 

• Navigating Ethical and Privacy Concerns: Incorporating AI in education necessitates addressing 

ethical factors and data privacy to ensure responsible technology use. Educators must ensure AI tools 

are employed in ways that safeguard student privacy, promote equity, and uphold ethical standards 

(Damşa, 2014; Langer-Osuna, 2018; Polak et al., 2022; Xu & Ouyang, 2022). 

• Addressing the Implementation Challenges: The digital divide, privacy issues, lack of trust, cost 

implications, potential biases, and the need for teacher training on AI tools are significant challenges 

that must be addressed (Kay, 2006; Ertl et al., 2020; Zhang, 2023; Kasneci et al., 2023; Borenstein & 

Howard, 2020; Harry, 2023; Lainjo & Tsmouche, 2023; Mahligawati, 2023; Zawacki‐Richter et al., 

2019). Ensuring equitable access to AI technologies and responsible use is crucial for maximizing the 

benefits of AI in education. 

 

Discussion 

Integration of Artificial Intelligence in Mathematics Education 

 

Integrating AI into mathematics education involves exploring its applications, implications, challenges, and 

future directions comprehensively. AI plays a transformative role in mathematics education by enhancing 
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teaching and learning practices, addressing ethical considerations, and refining pedagogical strategies. Hwang 

and Tu (2021) highlight the growing research trends in AI's application in mathematics education, underscoring 

its potential to revolutionize traditional methods. Park and Kwon (2023) demonstrate how AI is implemented in 

middle school mathematics education, promoting active learning through robotics (Lopez-Caudana et al., 2020). 

These studies reflect a shift towards utilizing AI to engage students, personalize learning, and develop problem-

solving skills, as emphasized by Voskoglou and Salem (2020), Hidayat et al. (2022), and Deo et al. (2020). 

Future research by Gadanidis (2024) and Yang and Bai (2020) focuses on continuously improving AI-based 

learning methods to offer personalized and flexible educational experiences, indicating a revolutionary step in 

mathematics education (Sadiku et al., 2021). 

 

Integration of Artificial Intelligence in Mathematics Teacher Education 

 

The integration of AI technologies in mathematics teacher education encompasses both pre-service and in-

service training, aiming to enhance teaching practices and improve teacher preparedness. Virtual simulations 

provide pre-service teachers with opportunities to practice and refine their skills, offering practical experience 

and personalized feedback (Badiee & Kaufman, 2015; Bradley & Kendall, 2014). Intelligent tutoring systems 

further support teaching practices by providing guidance and fostering innovation awareness among educators 

(Erdemir & İngeç, 2016). The impact of AI technologies on pre-service teachers extends to enhancing classroom 

management skills, self-efficacy, and the development of 21st-century skills, including creativity and problem-

solving (McGarr, 2020; Pendergast et al., 2022; Wibowo et al., 2022). In-service education focuses on human-

AI complementarity, sustainable AI teaching, and collaborative learning designs, promoting professional 

development and effective AI integration in STEM classrooms (Yau et al., 2022; Holstein & Aleven, 2022; Lee 

& Perret, 2022). 

 

AI-Based Pedagogical Tools in Mathematics Education 

 

AI-based pedagogical tools represent a transformative shift in enhancing mathematics teaching and learning. 

These tools, prominently used in pre-service education, provide interactive and personalized learning 

experiences crucial for student progress in mathematics (Dai, 2023). For in-service teachers, continuous 

development in integrating AI tools into curricula is essential, involving the evaluation and adaptation of AI 

resources to meet diverse classroom needs (Ndihokubwayo et al., 2022). Innovative tools such as the Lesson 

Plan Analysis Protocol (LPAP) help teachers develop the pedagogical content knowledge necessary for 

addressing the needs of culturally and linguistically diverse student populations (Ndihokubwayo et al., 2022). 

The importance of personalization in educational technology is emphasized in studies by Zawacki‐Richter et al. 

(2019), Hwang and Tu (2021), which highlight how AI reshapes teaching practices and enhances the overall 

learning experience. 

 

Data-Driven Decision-Making in Mathematics Education 

 

Data-driven decision-making in mathematics education, significantly enhanced by AI, provides a strategic 
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framework for improving educational practices and student learning outcomes. In pre-service education, AI is 

crucial for analyzing student performance data, identifying learning gaps, and customizing teaching strategies 

(Harry, 2023). For in-service teachers, participating in advanced workshops on AI-powered analytics tools is 

vital for interpreting data insights and making informed decisions to address student needs (Wang & Han, 

2020). AI algorithms analyzing student work and providing immediate feedback create a dynamic learning 

environment, optimizing teaching practices (Lin, 2022). The integration of AI assistants in deep learning further 

transforms teaching models, enhancing both teacher and student experiences (Liu et al., 2022). 

 

Adaptive Learning Systems in Mathematics Education 

 

Adaptive learning systems, facilitated by AI, deliver personalized and differentiated instruction, significantly 

transforming mathematics education. In pre-service education, future educators are introduced to AI-enabled 

adaptive learning principles that adjust content difficulty based on student performance, ensuring appropriate 

instruction levels (Wang et al., 2020; Dorça, 2015). In-service training focuses on incorporating adaptive 

learning platforms to accommodate diverse student needs, evaluate their impact on engagement and 

achievement, and optimize AI use in classrooms (Vainshtein et al., 2019; El-Sabagh, 2021). Adaptive e-learning 

environments boost student engagement and learning outcomes by providing personalized instruction tailored to 

students' unique styles and preferences (Díez-Fonnegra & Losada, 2022; Peng et al., 2019). 

 

AI-Enabled Assessment Tools in Mathematics Education 

 

AI-enabled assessment tools revolutionize mathematics education by offering innovative methods to evaluate 

and enhance student learning. In pre-service education, these tools provide immediate feedback, streamline 

assessment processes, and offer insights into student performance, enabling tailored instruction (Fu et al., 2020; 

Boscardin, 2023). In-service training incorporates AI-based platforms for objective evaluation, detailed 

analytics, and data-driven decision-making, enhancing assessment accuracy and reliability (Funes, 2024; Jain et 

al., 2022; Li et al., 2023). AI-powered feedback mechanisms improve feedback loops, fostering continuous 

improvement and learning (Roh & Lee, 2023; Soesanto et al., 2022; Greenwald et al., 2021). Integrating AI in 

assessment practices offers personalized learning experiences, streamlined evaluation processes, and enhanced 

feedback, leading to better student outcomes and more engaging learning environments. 

 

Enhancing Collaborative Learning in Mathematics Education through AI Technologies 

 

AI technologies revolutionize collaborative learning in mathematics education, creating engaging, inclusive, and 

effective cooperative learning environments. Pre-service educators learn to use AI-powered tools to create 

interactive group activities that promote peer learning and teamwork (Jiao et al., 2022). In-service teachers 

utilize AI platforms to support communication, resource sharing, and collaborative problem-solving (Ouyang et 

al., 2023). AI-driven tools enhance collaborative learning by promoting active engagement, critical thinking, 

and knowledge construction among students (Chen et al., 2023; Järvelä et al., 2023). These technologies support 

group projects and peer learning, improving student collaboration and knowledge sharing (Kuleto et al., 2021). 
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Benefits, Challenges, and Ethical Considerations Regarding AI in Mathematics Education 

 

Integrating AI in mathematics education offers significant benefits, such as personalized learning, improved 

teaching practices, and enhanced collaboration, but also presents challenges and ethical considerations. AI 

technologies transform teaching by improving management efficiency, decision-making, and personalized 

instruction (Ng et al., 2023; Gupta & Bhaskar, 2020). AI-driven tools facilitate collaborative learning, 

promoting active engagement and knowledge sharing (Jiao et al., 2022; Kuleto et al., 2021). Ethical 

considerations and data privacy are crucial in responsibly using AI in education, ensuring that AI tools promote 

equity and safeguard student privacy (Damşa, 2014; Langer-Osuna, 2018; Akgün & Greenhow, 2021; Polak et 

al., 2022; Xu & Ouyang, 2022). Challenges include the digital divide, privacy issues, cost implications, potential 

biases, and the need for teacher training on AI tools, highlighting the importance of equitable access and 

responsible technology use (Kay, 2006; Ertl et al., 2020; Zhang, 2023; Kasneci et al., 2023; Borenstein & 

Howard, 2020; Harry, 2023; Lainjo & Tsmouche, 2023; Mahligawati, 2023; Zawacki‐Richter et al., 2019). 

 

Implications for Policy and Practice 

 

Several vital recommendations were drawn from the relevant literature to effectively integrate AI into pre-

service and in-service mathematics teacher education programs. Firstly, it is crucial to address mathematics 

anxiety among pre-service teachers (Gresham, 2007; Boyd et al., 2014). Teacher education programs create a 

more conducive environment for learning and teaching mathematics by acknowledging and mitigating anxiety. 

Additionally, integrating technology, such as AI, into teacher education programs positively influences pre-

service teachers' attitudes and enhances their understanding of integrated teaching methods (Çorlu et al., 2015; 

Eshetu et al., 2023). 

 

Furthermore, it is essential to focus on enhancing pre-service teachers' subject knowledge in mathematics 

(Ekstam et al., 2017; Li & Guo, 2019). Strengthening subject knowledge boosts teacher efficacy and improves 

the quality of mathematics education delivered to students. Programs should also emphasize developing 

problem-posing skills and conceptual knowledge related to basic mathematical concepts and operations (Özgen, 

2019; Aksu et al., 2022). 

 

Moreover, research-based learning approaches significantly improve pre-service teachers' research and 

academic writing skills, essential in modern educational settings (Prahmana, 2017; Prahmana & Kusumah, 

2016). By incorporating assessment into mathematics content courses, teacher education programs ensure that 

pre-service teachers have a solid conceptual understanding of mathematical knowledge and problem-solving 

skills (Ma et al., 2008). 

 

Lastly, to facilitate the integration of AI into mathematics education, teacher training programs should consider 

the affordances and challenges encountered in preparing teachers for this integration (Lee & Perret, 2022). 

Understanding AI methods' practical implications and limitations in STEM classrooms is crucial for effectively 

incorporating these technologies into teaching practices. 
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In conclusion, pre-service and in-service mathematics teacher education programs better prepare educators to 

leverage AI technologies in teaching mathematics effectively by addressing mathematics anxiety, enhancing 

subject knowledge, promoting problem-posing skills, incorporating research-based learning approaches, and 

considering the affordances of AI integration. 

 

Future Research Directions 

 

Further research is crucial to explore the longitudinal impact of AI on teacher practices and student outcomes. 

Longitudinal studies are essential to understand how AI systems influence learner-instructor interaction, teacher 

judgment on student learning, and the development of AI literacy among teachers (Seo et al., 2021; DeLuca et 

al., 2012; Zhao et al., 2022). These studies underscore the importance of tracking the enduring effects of AI 

implementation in education, including changes in teaching practices, confidence in assessment, and the 

effectiveness of AI literacy programs. 

 

Moreover, investigating the effectiveness of AI tools, such as chatbots, in enhancing student learning outcomes 

requires further examination through meta-analyses and empirical studies (Wu & Yu, 2023). Understanding the 

mechanisms underlying AI chatbots' impact on student learning offers valuable insights for educational 

practitioners. 

 

Additionally, exploring teachers' perceptions of AI as a supportive tool in education and addressing ethical 

challenges related to AI implementation in K-12 settings are critical areas for future research (Chounta et al., 

2021; Akgün & Greenhow, 2021). Research gaps exist in developing K-12 teachers' instructional practices 

concerning AI and ethics, emphasizing the need for more in-depth studies. 

 

Furthermore, investigating the integration of AI in classrooms, teacher education, and the development of 

adaptive AI systems improves teaching practices and student outcomes (Zhai & Nehm, 2023; Kim et al., 2022). 

Understanding how AI facilitates student-AI collaboration and the effects of different levels of teacher support 

on students' AI knowledge are also essential research avenues (Wu & Yang, 2022; Kim & Lee, 2022). 

 

In conclusion, longitudinal studies focusing on AI's impact on teacher practices and student outcomes are vital 

for advancing our understanding of AI in education. By addressing these research gaps, educators and 

policymakers can effectively make informed decisions about integrating AI technologies into teaching and 

learning environments. 

 

Conclusion 

Summary of Key Insights 

 

Synthesizing the findings of this extensive research on the impact of AI in mathematics teacher education, it is 

evident that AI technologies offer the transformative potential to revolutionize teaching practices, facilitate 
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personalized learning experiences, and enhance educational outcomes. This qualitative review, grounded in a 

comprehensive qualitative analysis of cutting-edge research literature, has highlighted the multifaceted role of 

AI in redefining the landscape of mathematics teacher education for both pre-service and in-service phases. 

 

The theoretical underpinnings of AI's impact on teacher education stand upon frameworks such as 

Technological Pedagogical Content Knowledge (TPACK) and Constructivism. These perspectives provide a 

foundation for understanding how AI is integrated into teaching practices in a manner that promotes active, 

student-centered learning and the construction of knowledge through meaningful experiences. 

 

The integration of AI technologies in mathematics education has been shown to augment pedagogical strategies, 

enabling educators to tailor learning paths to individual student's needs, thus fostering improved engagement 

and achievement. Virtual simulations, intelligent tutoring systems, and personalized learning environments 

stand out as significant applications of AI that enrich mathematics teacher education. These technologies 

enhance instructional methods and offer valuable tools for addressing diverse learning preferences and 

challenges, such as mathematics anxiety among pre-service teachers. 

 

However, the advent of AI in education is accompanied by considerable challenges, including the digital divide, 

privacy concerns, and the imperative for teacher professional development on AI utilization. The review 

underscores the importance of equipping educators with the necessary skills and knowledge to harness AI 

technologies effectively, advocating for a balanced approach that considers both the benefits and potential 

drawbacks of AI integration. 

 

The review has identified several avenues for future research, emphasizing the need for longitudinal studies to 

ascertain AI's long-term effects on teaching and learning in mathematics education. Moreover, it calls for further 

exploration into the ethical dimensions of AI in education, including issues related to data privacy, equity, and 

the responsible use of AI technologies. 

 

In conclusion, integrating AI into mathematics teacher education presents a promising yet complex landscape, 

significantly enhancing educational practices and outcomes. By addressing the identified challenges and 

building on the insights provided by current research, stakeholders in the field of education leverage AI 

technologies to foster innovative and effective teaching and learning environments. This endeavor requires a 

concerted effort from educators, policymakers, and researchers to ensure that AI is used ethically and 

effectively, ultimately contributing to advancing mathematics education in the digital age. 

 

Limitations 

 

While this study provides valuable insights into the integration of AI in mathematics teacher education, it is 

essential to acknowledge its limitations. These limitations include: 

• Scope of Literature: The review is limited to literature published in English and does not fully capture 

the global perspective on AI integration in mathematics teacher education. 



International journal of Technology in Education Science (ITES) - Volume 1, Issue 1, 2024  

81 

• Publication Bias: The focus on peer-reviewed articles, book chapters, and conference proceedings 

potentially exclude relevant studies from non-peer-reviewed sources, potentially leading to publication 

bias. 

• Rapid Technological Changes: The fast-paced advancements in AI technologies mean that several 

findings become outdated quickly, necessitating continuous updates to the research. 

• Geographical Limitations: The study does not adequately represent the diversity of educational 

contexts globally, as it primarily includes studies from certain regions. 

• Ethical and Privacy Concerns: The ethical and privacy issues surrounding AI use in education are 

complex and evolving, which limit the generalizability of the findings across different educational 

systems and cultural settings. 
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