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I. INTRODUCTION 
 

Mathematics is a fundamental subject that 

plays a crucial role in various aspects of life, 

including science, technology, engineering, and 

mathematics (STEM) fields. However, many 

students struggle with mathematics, and the 

subject is often perceived as difficult and 

uninteresting. Artificial intelligence (AI) has the 

potential to revolutionize mathematical education 

by providing personalized learning experiences, 

improving student engagement, and enhancing 

teacher effectiveness. 

 

Enabling machines to simulate human-like 

intelligence, mathematics plays a crucial role in 

developing and refining AI algorithms. Mathematics 

is the foundation upon which AI is built, 

empowering machines to learn, reason, and make 

decisions like humans. By understanding the 

mathematical principles that drive AI, we can unlock 

new possibilities for innovation and advancement. 

Mathematics is the key to developing sophisticated 

AI algorithms that can analyze data, learn from 

experiences, and make informed decisions. AI's 

ability to mimic human intelligence is rooted in 

mathematical concepts and techniques, which 

enable machines to process and analyse vast 

amounts of data. To explores the utilization of AI in 

facilitating an equitable educational environment 

by analyzing the opportunities, challenges, and 

strategies pertinent to AI implementation [1]. The 

integration of Artificial Intelligence (AI) in 

mathematics education has spurred numerous 

research initiatives at the international level [2-4]. 

 

II. REVIEW OF LITERATURE 
 

Mathematics plays an immense role in 

engineering such as investigation, emphasizing its 

crucial relevance and invaluable contributions and 

acting as the core language and toolset for 

engineers. It is crucial in problem solving because it 

allows engineers to create and evaluate 

complicated systems, structures, and machines [5].  

 

The adaptive learning research with the aim 

to evaluate the learning effects of personalized 

adaptive learning courseware to two commonly 

used instructional modalities in China: large group 

and small-group classroom instruction. They 
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discuss the findings of two effective experiments on 

Squirrel AI Learning, one of China's first adaptive 

learning systems. In both studies, Chinese eighth-

grade students from different provinces were 

randomly assigned to either Squirrel AI Learning or 

traditional classroom instruction led by expert 

teachers. The outcomes indicate that students 

utilizing Squirrel AI Learning demonstrated more 

substantial enhancements in mathematics test 

scores in contrast to those in traditional whole-class 

or small-group instruction settings. These results 

advocate for deeper investigations into the 

selection, integration, and influence of adaptive 

learning systems within the Chinese education 

framework [6]. 

 

To investigate the distinct training program 

within primary school mathematics education. The 

study contrasts traditional primary school 

classrooms with those integrating artificial 

intelligence. It evaluates the viability of integrating 

primary mathematics education with artificial 

intelligence concerning training concepts, 

assessment criteria, and data analysis approaches. 

Anticipated outcomes of their research include 

advancements in the mathematics teaching 

standards at elementary schools and the 

enhancement of mathematical skills among primary 

school students [7].  

 

The study in [8] explores encompasses 

diverse facets of AI within mathematics education 

research, spanning across application domains, 

participants involved, employed research methods, 

utilized technologies, prevalent research issues, and 

the multifaceted roles of AI within this domain. The 

findings suggest that AI and computer technologies 

have encouraged diverse AI in Mathematics 

Education (AIME) studies, and several 

recommendations are made for future research, 

including personalized guidance for students, 

exploring factors affecting learning outcomes, 

adopting AI in advanced mathematics programs, 

and considering seldom-adopted sample groups 

like teachers and senior high school students. 

Additionally, researchers are encouraged to use 

both quantitative and qualitative methods and to 

explore the effectiveness of AI in mathematics 

learning activities from various perspectives, such 

as cognitive load and collaboration. 

 

 The current finding of studies discussed the use of 

robotics in learning and teaching mathematics [9-

11]. A pedagogical agent (teachable agent) is a type 

of educational software that has human 

characteristics and/or appearances and are 

designed to support learners in online learning 

environments [12]. Artificial intelligence (AI) 

applications in education are becoming more 

popular and have gotten a lot of press in recent 

years. AI is a leap across creative and innovative 

thinking in various fields, including mathematics 

education. The current study indicates various 

research of AI in different context [13-17]. The use 

of AI can enhance our abilities in living a life 

covered in increasingly sophisticated technology.  

Moreover, AI can also assist teachers in identifying 

struggling students and intervening early to provide 

extra support and assistance [18]. Personalized 

learning is essential to mathematics education since 

it allows students to learn at their own pace and 

concentrate on areas requiring extra assistance [19-

20]. Algorithms can monitor students’ performance 

and personalize the learning experience to their 

specific needs using AI integration [21-22]. 

 

III. MATHEMATICAL MODEL 
 

A mathematical model can be used to describe the 

potential impact of AI on mathematical education. 

Let's consider a simple model that describes the 

relationship between student learning outcomes 

and AI-powered instruction. 

 

Linear Model: 

Let L be the learning outcome of a student, and let 

A be the level of AI-powered instruction. We can 

model the relationship between L and A using the 

following equation: 

L = β0 + β1A + ε 

where β0 is the intercept, β1 is the slope, and ε is the 

error term. 

This model suggests that the learning outcome of a 

student is positively related to the level of AI-

powered instruction. As the level of AI-powered 
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instruction increases, the learning outcome of the 

student also increases. 

 

Logistic Model: 

L = 1 / (1 + e^ (-β0 – β1A)) 

Where: 

  L - is the learning outcome of a student 

 A - is the level of AI-powered instruction 

 Β0 - is the intercept 

 Β1 - is the slope 

 e - is the base of the natural logarithm 

This model assumes a non-linear relationship 

between AI-powered instruction and student 

learning outcomes, where the learning outcome 

approaches a maximum value as the level of AI-

powered instruction increases. 

 

Neural Network Model: 

A neural network model can be used to describe 

the complex relationship between AI-powered 

instruction and student learning outcomes. The 

model consists of multiple layers of interconnected 

nodes (neurons) that process the input data. 
 

IV. IMPORTANCE OF AI IN 

MATHEMATICAL EDUCATION 
 

Artificial intelligence (AI) is transforming 

mathematical education in various ways, offering 

numerous benefits for students, teachers, and the 

learning process as a whole. Here is some key 

importance of AI in mathematical education as 

follows: 

 
 

1. Personalized Learning 

 Adaptive learning systems: AI-powered 

adaptive learning systems can adjust to 

individual students' needs, abilities, and 

learning styles. 

 Tailored feedback: AI can provide instant, 

personalized feedback to students, helping 

them identify areas for improvement. 

 

2. Enhanced Student Engagement 

 Interactive learning tools: AI-powered 

interactive tools and games can make 

mathematics more engaging and fun for 

students. 

 Real-world applications: AI can help illustrate 

real-world applications of mathematical 

concepts, making them more relevant and 

interesting to students. 

 

3. Improved Teacher Effectiveness 

 Automated grading: AI can assist teachers with 

grading, freeing up time for more hands-on 

and human interaction with students. 

 Data-driven insights: AI can analyze student 

data, providing teachers with valuable insights 

to inform their instruction. 

 

4. Increased Accessibility 

 Accessibility for students with disabilities: AI-

powered tools can help make mathematical 

education more accessible for students with 

disabilities. 

 Remote learning: AI-powered online platforms 

can provide access to mathematical education 

for students in remote or underserved areas. 

 

5. Future-Ready Skills 

 Developing problem-solving skills: AI can help 

students develop problem-solving skills, critical 

thinking, and creativity. 

 Preparing students for a rapidly changing 

world: AI can help students develop skills that 

are essential for success in an increasingly 

automated and technology-driven world. 

 

V. MATHEMATICAL FOUNDATIONS OF 

ARTIFICIAL INTELLIGENCE 
 

Mathematical education plays a crucial role in 

Artificial Intelligence (AI) as it provides the 

foundation for developing and understanding AI 

algorithms. Here are some ways mathematical 

education is used in AI as follows: 



 S.B. Chavhan.  International Journal of Science, Engineering and Technology, 

 2025, 13:2 

 

4 

 

 

 
 

1. Linear Algebra 

 Vector operations: Linear algebra is used in AI 

for vector operations, such as addition, 

multiplication, and transformation. 

 Matrix operations: Matrix operations, such as 

multiplication and inversion, are essential in AI 

for tasks like data transformation and neural 

network computations. 

 

2. Calculus 

 Optimization: Calculus is used in AI for 

optimization problems, such as minimizing loss 

functions in machine learning models. 

 Gradient descent: Gradient descent, a 

fundamental algorithm in machine learning, 

relies heavily on calculus to optimize model 

parameters. 

 

3. Probability and Statistics 

 Probability distributions: Probability 

distributions, such as Gaussian and Bernoulli 

distributions, are used in AI to model 

uncertainty and make predictions. 

 Statistical inference: Statistical inference 

techniques, such as hypothesis testing and 

confidence intervals, are used in AI to make 

informed decisions. 

 

4. Mathematical Modeling 

 Modeling complex systems: Mathematical 

modeling is used in AI to model complex 

systems, such as dynamical systems and chaotic 

systems. 

 Predictive modeling: Predictive modeling 

techniques, such as regression and time series 

analysis, are used in AI to make predictions 

about future outcomes. 

 

5. Algorithm Development 

 Algorithm design: Mathematical education 

provides the foundation for designing efficient 

algorithms, such as sorting and searching 

algorithms. 

 Algorithm analysis: Algorithm analysis, which 

relies heavily on mathematical techniques, is 

used to evaluate the performance and 

complexity of AI algorithms. 

 

6. Machine Learning 

 Supervised learning: Supervised learning 

algorithms, such as linear regression and 

decision trees, rely on mathematical techniques 

to learn from data. 

 Unsupervised learning: Unsupervised learning 

algorithms, such as clustering and 

dimensionality reduction, use mathematical 

techniques to identify patterns and structure in 

data. 

 

7. Deep Learning 

 Neural networks: Deep learning algorithms, 

such as neural networks, rely heavily on 

mathematical techniques, such as calculus and 

linear algebra, to learn complex patterns in 

data. 

 Convolutional neural networks: Convolutional 

neural networks (CNNs) use mathematical 

techniques, such as convolution and pooling, to 

process image and signal data. 
 

VI. THE SIGNIFICANCE OF 

MATHEMATICAL EDUCATION FOR AI 
 

Mathematical education is essential for AI 

because it provides the foundational knowledge 

and skills necessary to develop and understand AI 

algorithms, models, and Innovations and 

Advancements, career opportunities.  

 

1. Foundation for AI Algorithms 

 Mathematical concepts: AI algorithms rely 

heavily on mathematical concepts, such as 
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linear algebra, calculus, probability, and 

statistics. 

 Algorithm development: Mathematical 

education provides the foundation for 

developing and understanding AI algorithms. 

 

2. Problem-Solving and Critical Thinking 

 Developing problem-solving skills: 

Mathematical education helps develop 

problem-solving skills, critical thinking, and 

analytical reasoning. 

 Applying mathematical concepts: Mathematical 

education enables individuals to apply 

mathematical concepts to real-world problems. 

 

3. Understanding AI Models 

 Model interpretability: Mathematical education 

helps understand the underlying mathematics 

of AI models, enabling better interpretation and 

decision-making. 

 Model development: Mathematical education is 

crucial for developing and improving AI 

models. 

 

4. Innovation and Advancements 

 Advancing AI research: Mathematical education 

is essential for advancing AI research and 

developing new AI algorithms and techniques. 

 Innovative applications: Mathematical 

education enables individuals to develop 

innovative applications of AI in various fields. 

 

5. Career Opportunities 

 AI and machine learning careers: Mathematical 

education opens up career opportunities in AI, 

machine learning, and data science. 

 Interdisciplinary applications: Mathematical 

education can be applied to various fields, 

including science, engineering, economics, and 

finance. 

 
Future Directions 

To fully harness the potential of AI in 

education, further studies are needed to explore its 

implications and benefits, particularly in developing 

students' cognitive skills. Additional research is 

necessary to demonstrate the effectiveness of AI in 

education, especially in diverse and low-capacity 

settings, to encourage wider adoption in 

classrooms. Further investigation is required to 

understand the benefits and challenges of AI in 

education, with a focus on its impact on students' 

cognitive development. By conducting more 

research on AI's role in education, we can provide 

educators with the insights and tools they need to 

effectively integrate AI into their teaching practices. 

Future research should prioritize exploring the 

potential of AI to improve student outcomes, 

particularly in diverse and underserved populations. 

Machine learning algorithms are likely to play an 

increasingly important role in mathematical 

education, particularly in the development of 

adaptive learning systems. Intelligent tutoring 

systems are likely to become more prevalent, 

providing human-like feedback and guidance to 

students. Greater collaboration between educators 

and AI researchers is needed to develop more 

effective AI-powered tools and systems. 

 

VII. CONCLUSION 
 

AI has the potential to revolutionize 

mathematical education by providing personalized 

learning experiences, improving student 

engagement, and enhancing teacher effectiveness. 

AI-powered personalized learning paths, adaptive 

learning, and differentiated instruction can 

revolutionize mathematics education by providing 

students with customized learning experiences that 

cater to their individual needs and learning styles. 

By leveraging AI-powered personalized learning, 

educators can significantly enhance student 

comprehension, engagement, and achievement in 

mathematics, leading to better academic outcomes. 

AI-driven adaptive learning and differentiated 

instruction can help educators provide personalized 

learning experiences that meet the unique needs of 

each student, leading to improved mathematics 

education outcomes. AI-powered personalized 

learning paths can transform mathematics 

education by offering tailored learning experiences 

that cater to individual students' strengths, 

weaknesses, and learning styles. By utilizing AI-

powered personalized learning, educators can 

optimize student learning in mathematics, leading 
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to improved comprehension, engagement, and 

achievement. 
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