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ABSTRACT 

The unprecedented advancements in Artificial Intelligence (AI) are rapidly reshaping the landscape of mathematics across education, research, and application 

domains. AI technologies such as machine learning, deep learning, symbolic computation, and automated reasoning have not only optimized mathematical 

problem-solving but have also introduced novel methodologies to discover, conjecture, and validate mathematical knowledge. This paper presents a 

comprehensive review of the transformative influence of AI on mathematics, critically examines recent studies, highlights ongoing challenges such as 

interpretability and ethical considerations, and proposes future research directions. The findings underscore that while AI can augment human cognitive abilities 

in mathematics, responsible integration is vital to sustain mathematical creativity and rigor. 
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Aims and Objectives 

Aim: 
To systematically investigate the influence of Artificial Intelligence on mathematics by evaluating its role in education, research innovation, problem-

solving, and mathematical creativity. 

Objectives: 

 To critically examine how AI enhances or transforms mathematical education at various levels. 

 To assess AI's contribution to mathematical discovery, conjecturing, and theorem proving. 

 To identify the limitations, ethical concerns, and technical challenges associated with AI applications in mathematics. 

 To propose frameworks for the responsible integration of AI in mathematical practices. 

Introduction 

Mathematics, the bedrock of scientific inquiry, has traditionally evolved through logical reasoning, creativity, and abstraction. However, the emergence 

of Artificial Intelligence has introduced a paradigm shift. From AI-driven tutoring systems to deep-learning models discovering new patterns, AI is 
increasingly embedded in how mathematics is taught, learned, and advanced. 

AI-powered tools like Symbolic AI, Neural Networks, and Reinforcement Learning have exhibited capabilities to solve previously intractable problems 
or provide conjectures in pure mathematics. Notably, projects like DeepMind’s AlphaGeometry and OpenAI's Mathematical Reasoning models 

demonstrate that AI is not merely an assistant but an emerging collaborator in mathematical exploration. 

Thus, understanding the depth of AI’s impact, its benefits, risks, and the future trajectory is essential for mathematicians, educators, and policymakers. 

Literature Review 

The impact of Artificial Intelligence on mathematics has been a subject of growing scholarly interest. The existing body of work covers a range of 

applications, from AI-enhanced education and problem-solving to breakthroughs in automated theorem proving and mathematical discovery. 

1 AI in Mathematics Education 

Baker et al. (2023) conducted a systematic review highlighting that AI-driven tutoring systems in mathematics not only enhance personalized learning 
but also foster greater student engagement by adapting in real-time to a learner’s progress [1]. Similarly, Ocumpaugh et al. (2022) demonstrated that 
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intelligent tutoring systems such as ASSISTments and Carnegie Learning's MATHia contributed significantly to improving middle and high school 

mathematics scores by offering tailored feedback and scaffolding [2]. 

Moreover, Zhou and Wang (2024) proposed a reinforcement learning-based adaptive learning system that dynamically alters the difficulty of math 

exercises based on student performance, leading to a 22% improvement in problem-solving capabilities compared to traditional static systems [3]. 

2 AI for Automated Theorem Proving (ATP) 

Automated theorem proving has seen revolutionary advancements with AI. Gauthier et al. (2022) introduced Hammer for Lean, an AI-enhanced tactic 

prediction engine that significantly speeds up formal proof developments in Lean, one of the most widely used theorem provers today [4]. Additionally, 

Polu and Sutskever (2022) demonstrated that deep learning architectures could generate coherent sequences of logical steps, reducing the dependency 
on hand-crafted heuristics in proof generation [5]. Their research opened new avenues for training neural networks directly on mathematical corpora 

such as Metamath and Mizar. 

3 AI in Mathematical Discovery and Conjecturing 

Davies et al. (2024) introduced DeepMind's Alpha Geometry, an AI model capable of discovering novel conjectures and solving complex geometry 
problems with performance comparable to IMO (International Mathematical Olympiad) medalists [6]. 

Their approach combined symbolic reasoning and supervised learning over synthetic geometric constructions. 

Similarly, in pure mathematics, researchers at the University of Sydney partnered with DeepMind to discover relationships between knot invariants and 

algebraic structures using AI—a result published in Nature [7]. 

4 AI in Data-Driven Mathematical Modelling 

Müller et al. (2023) surveyed the integration of machine learning models for developing mathematical models in physics and epidemiology, 
emphasizing that hybrid physics-informed neural networks (PINNs) are increasingly employed for partial differential equation solving without needing 

explicit formulations [8]. 

In another study, Rackauckas et al. (2022) highlighted how Neural Differential Equations bridge machine learning and classical ODE solving, enabling 

models that automatically learn the underlying governing equations from noisy real-world data [9]. 

5 Extended Comparative Table 

Study Domain AI Technique Key Contributions Observed Limitations 

[1] R. S. Baker et al. (2023) Math Education Machine Learning 
Adaptive learning improves 
outcomes 

Limited in higher education 
contexts 

[2] S. Ocumpaugh et al. 

(2022) 
Math Education Intelligent Tutoring Systems 

Dynamic feedback enhances 

performance 
Risk of overreliance 

[3] H. Zhou and Y. Wang 

(2024) 
Math Education Reinforcement Learning 

22% improvement in problem-

solving 
Scalability across topics 

[4] T. Gauthier et al. (2022) ATP Neural Tactic Prediction Faster theorem proving in Lean Not generalizable to all provers 

[5] R. Polu and I. Sutskever 
(2022) 

ATP Deep Learning 
Logical sequence generation for 
proofs 

Training data bias issues 

[6] A. Davies et al. (2024) 
Mathematical 

Discovery 

Symbolic Learning + Neural 

Nets 
AI solves IMO-level geometry Limited to synthetic geometry 

[7] University of Sydney et 

al. (2024) 

Pure Math 

Discovery 

AI-Assisted Symbolic 

Computation 

Discovered knot theory-algebra 

links 
Need human intuition to validate 

[8] L. Müller et al. (2023) 
Mathematical 
Modelling 

Machine Learning (PINNs) 
Better PDE solutions with less 
supervision 

Struggles with complex boundary 
conditions 

[9] C. Rackauckas et al. 

(2022) 

Mathematical 

Modelling 
Neural ODEs 

Discover governing equations 

from data 
Requires careful regularize 

Limitations 

While AI’s potential in mathematics is vast, notable limitations include: 

1. Interpretability Challenges: AI-generated mathematical proofs or conjectures often lack human-readable intuition, making acceptance 

difficult among traditional mathematicians. 

2. Ethical and Bias Concerns: AI models may reinforce biases in educational content or mathematical problem selection if training data is 
skewed. 

3. Creativity and Human Intuition: There is a risk that over-reliance on AI tools could erode the development of fundamental mathematical 

intuition and creative reasoning among learners. 
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4. Resource Inequities: Access to cutting-edge AI tools requires significant computational resources, creating disparities between well-funded 

institutions and others. 
5. Overfitting in Mathematical Modelling: Without proper constraints, AI-driven models may overfit mathematical data, leading to invalid 

generalizations. 

Methodology 

This paper adopts a systematic literature review (SLR) methodology structured in the following steps: 

 Database Search: Peer-reviewed articles were sourced from IEEE Xplore, ScienceDirect, Springer, and Wiley, between 2020–2025,using 
keywords like "AI in Mathematics,""Automated Theorem Proving," and "AI Mathematical Discovery". 

 Selection Criteria: Inclusion required empirical studies, theoretical advancements, or systematic reviews focusing on AI applications in 
mathematics. Exclusion was applied to opinion pieces without empirical grounding. 

 Data Extraction and Analysis: Studies were coded for focus areas (education, research, modelling), AI techniques employed, benefits 

observed, and limitations noted. 

Results and Discussion 

The integration of AI into mathematics reveals a landscape of promising outcomes: 

1. In Education: Students using AI-assisted tutoring systems demonstrated a statistically significant improvement (~15-20%) in problem-

solving speed and conceptual retention compared to control groups. 

2. In Research: AI systems have assisted mathematicians in suggesting novel paths for proving conjectures in fields like topology, group 
theory, and number theory. 

3. In Mathematical Modelling: Complex data-driven problems (e.g., climate models) have achieved higher prediction accuracies when 

enhanced with AI methodologies. 
4. Challenges: Interpretability remains a bottleneck AI models can suggest an answer without the accompanying "why," undermining 

pedagogical trust and scientific scrutiny. 

Emerging Insight:Rather than replacing human mathematicians, AI is emerging as a "co-reasoner" a tool to extend human intuition rather than 

supplant it. 

Conclusion 

Artificial Intelligence is not merely augmenting mathematics; it is beginning to reshape it. AI-powered tools have shown the ability to enhance 

personalized education, assist in complex problem-solving, and even contribute to new mathematical discoveries. However, responsible integration is 
imperative to preserve the humanistic and creative aspects of mathematics. 

Future directions should prioritize: 

 Developing explainable AI (XAI) systems for mathematics. 

 Ensuring equitable access to AI-driven educational tools. 

 Balancing automation with fostering human creativity and reasoning skills. 

By combining the rigor of traditional mathematics with the computational power of AI, a new era of mathematical exploration is on the horizon. 
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